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On October 15, 1999, Texas Instruments strengthened its ability to provide you with truly 
premier Power Management solutions. We are proud to announce the acquisition of Power 
Management expert Unitrode and Battery Management expert Benchmarq. 

As you may know, Unitrode has a 40-year history of designing and supplying Power 
Management components and subsystems. Benchmarq, based in Dallas and acquired by 
Unitrode last year, has won multiple awards for its industry-leading Battery Management 
solutions. 

Tl’s commitment to the Power Management marketplace is already evident in its growing 
portfolio of industry-leading low dropout regulators, supply voltage supervisors, low-power 
DC-DC converters, power distribution switches and processor power products. Now, with the 
combination of Tl’s and Unitrode’s high-performance products and Tl’s leading-edge process 
technologies and packaging expertise, we are positioned to provide you with easy-to-use, 
high-performance Power Management solutions. 

Unitrode brings a family of products that complements Tl’s existing portfolio. Tl’s worldwide 
network of service and support increases access to and support for the Unitrode and 
Benchmarq portfolios. Most important, Unitrode brings to this union hundreds of experienced 
employees dedicated to the Power Management market. 

What’s in this for you? Tl and Unitrode designers are working together right now to develop 
next-generation Power and Battery Management solutions. Maybe you’re looking for 
easy-to-design-in, turn-key solutions. Or perhaps you need high-performance products, and 
complete systems and applications knowledge so you can put a power system together 
yourself. Either way, Tl is dedicated to satisfying all of your Power Management needs today 
and in the future. 

The combined Tl and Unitrode Power Management offering comprises a rich portfolio that we 
intend to build upon together. To find out more, including ordering samples, you can visit our 
website at www.ti.com/sc/powerleader, complete the enclosed reply card, or call us for more 
information, using the Tl contact information found on the back cover of this book. 
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Using Unitrode Data Books 

Data sheets and other information about Unitrode’s products are organized, by business line, into 
four volumes: Interface (IF), Portable Power (PP), Power Supply Control (PP), and Nonvolatile 
SRAMs and Real-Time Clocks (NV). 

Each book contains general information as well as sections devoted to the specific business line. 
Information in these books is referenced in several ways. 



Volume/ Page Location 

Information Source 

IF 

NV 

pp 

PS 

Data Sheet Types 

V 

V 

V 

V 

Table of Contents 

vi 

vi 

vi 

vi 

Master Part Number Index 

1-1 

1-3 

1-3 

1-1 

Master Application Note Index by Part Number 

1-19 

1-19 

1-19 

1-20 

Master Application Note Index by Publication Number 

1-24 

1-24 

1-24 

1-25 

Master Application Note Index by Subject 

1-28 

1-28 

1-28 

1-29 

Unitrode Product Portfolio 

7-1 

10-1 

6-1 

10-1 



3-2 



Product Cross-Reference Tables (NV Book Only) 

- 

4-2 

- 

- 



5-2 



Ordering Information 

2-1 

2-1 

2-1 

2-1 


Reading the Indices 

The master indices, contained in all four data books, list the location of all data sheets. Each en- 
try is preceded by one of the following 2-letter abbreviations: 

• IF Interface 

• NV Nonvolatile SRAMs and Real-Time Clocks 

• PP Portable Power 

• PS Power Supply Control 
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Unitrode’s Products 

Unitrode Corporation is a world leader in the design and manufacture of innovative, 
high-performance linear and mixed-signal ICs and modules. This data book introduces the 
Company’s products designed for commercial, industrial, consumer, and military/aerospace ap- 
plications. 

Focused on power management, battery management, and high-speed data communications, 
products include: 

• Off-line power management 

• DC/DC power management 

• Protection/supervisory circuits 

• Portable power management 

• Motion/motor controls 

• High-speed interface 

• Nonvolatile controllers and NVSRAMs 

• Real-time clocks 

Unitrode also offers an assortment of special function ICs, including fiber-to-curb ringers, CAN 
transceivers, IrDA transceivers, cellular power-management products and pager/PDA power con- 
trollers. 

All Unitrode products are backed by design and applications teams that understand the interac- 
tion between the Company’s products and rest of the power system/subsystem. Unitrode designs 
technically advanced products in response to customer needs and in anticipation of market 
trends. 

Whatever the application — Power Management, Battery Management, or Ultrafast Data Commu- 
nications — Unitrode is an innovative, dependable, and customer-driven source for catalog, 
semi-custom, and custom linear/mixed-signal ICs and modules. 


ii 
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Worldwide Service 

Unitrode serves its customers around the world from many locations: 

• Design centers in New Hampshire, Texas, California, and North Carolina 

• A facility in Dallas for assembly and manufacturing 

• A facility in Singapore for testing, assembly subcontractor coordination, and customer 
service 

• A worldwide network of manufacturers’ representatives and distributors 

Process Capabilities 

Unitrode’s bipolar process, optimized for both precision-analog and power functions, is constantly 
updated with the latest process options, such as: 

• Operating-voltage ranges from 4-65V 

• Schottky and integrated injection logic 

• Ion implant 

• Thin-film resistors for high accuracy 

• Double-level metallization for high-density, high-current layouts and buried zener reference 
The Company’s BiCMOS process is ideal for high-density linear and mixed-mode designs, espe- 
cially where speed and low power-consumption are of primary importance. 

Options include: 

• 3-, 2.5-, and 1 -micron processes 

• Up to 15V operation 

• High-current, double-level metallization 

• 125 fully isolated, vertical NPN transistors 

• Thin-film resistors 

This year, a new BCDMOS process offers all the options available with BiCMOS, as well as a lat- 
eral DMOS device with up to 35V operation for added power-handling capability. 

An ISO9001 and 9002 Firm 

Unitrode was one of the first U.S. linear/analog manufacturers to achieve IS/ISO 9001/EN29001 
registration, and in 1998, the registrars completed recertification of the Merrimack and Singapore 
facilities and renewed the Company’s registration to ISO 9001/9002-1994, respectively. 

To be registered, the Company passed a rigorous examination of its quality systems — from prod- 
uct design through shipment. These registrations thus assure customers all over the world that 
Unitrode is adhering to very high, precisely defined standards. 

Listening To Customers 

To develop custom and semi-custom parts, Unitrode design engineers work very closely with 
customers, so all requirements are accurately understood, all possibilities are fully explored, and 
all products meet or exceed specified needs. 


Unitrode also pays careful attention to customers and markets to help guide its development of 
catalog parts. Continuing close contact makes it possible to anticipate industry requirements, and 
to create devices that satisfy them. 
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Important Notice 

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or 
to discontinue any product or service without notice, and advise customers to obtain the latest 
version of relevant information to verify, before placing orders, that information being relied on is 
current and complete. All products are sold subject to the terms and conditions of sale supplied 
at the time of order acknowledgement, including those pertaining to warranty, patent infringe- 
ment, and limitation of liability. 

Tl warrants performance of its semiconductor products to the specifications applicable at the time 
of sale in accordance with Tl’s standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parame- 
ters of each device is not necessarily performed, except those mandated by government require- 
ments. 

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL 
RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL 
DAMAGE (“CRITICAL APPLICATIONS”). Tl SEMICONDUCTOR PRODUCTS ARE NOT DE- 
SIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT 
DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF Tl PROD- 
UCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER’S 
RISK. 

In order to minimize risks associated with the customer’s applications, adequate design and op- 
erating safeguards must be provided by the customer to minimize inherent or procedural hazards. 


Tl assumes no liability for applications assistance or customer product design. Tl does not war- 
rant or represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of Tl covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be or 
are used. Tl’s publication of information regarding any third party’s products or services does not 
constitute Tl’s approval, warranty or endorsement thereof. 


Copyright© 1999, Unitrode Corporation 

BENCHMARQ® is a registered trademark, and AutoComp™, Hot Swap Power Manager™ 1C, Miller Killer™, 
Power Gauge™, Power Minder™, and UTR™ are trademarks of Unitrode Corporation. 


Printed in U.S.A. 
by Banta Book Group 
Harrisonburg, Virginia 
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Product Production Status 


The table below defines three types of data sheets issued at various stages of product 
development. Unitrode reserves the right to change products without notice to improve 
design performance, reliability, or manufacturability. 


PRODUCT 

CLASSIFICATION STAGE 

Advance Information Formative or 

Data Sheet Design 

DESCRIPTION 

This document contains the design specifi- 
cations for product under development. 
Specifications may be changed in any man- 
ner without notice. 

5SSSL » 

Supplementary data may be published at a 
later date. Unitrode reserves the right to 
make changes at any time without notice, in 
order to improve design and supply the best 
product possible. 

No Classification Noted Full Production 

Product is in full production. 
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Packaging Information 



Master Part Number and Application Indices 



Numeric Master Part Index 


In 


Part No. Description Volume/Page 

UC1517 Stepper Motor Drive Circuit PS/8-30 

UC1524 Advanced Regulating Pulse Width Modulators PS/3-43 

UC1524A Advanced Regulating Pulse Width Modulators PS/3-48 

UC1525A Regulating Pulse Width Modulators PS/3-54 

UC1525B Regulating Pulse Width Modulators PS/3-61 

UC1526 Regulating Pulse Width Modulator PS/3-68 

UC1526A Regulating Pulse Width Modulator PS/3-75 

UC1527A Regulating Pulse Width Modulators PS/3-54 

UC1527B Regulating Pulse Width Modulators PS/3-61 

UC1543 Power Supply Supervisory Circuit PS/7-5 

UC1544 Power Supply Supervisory Circuit PS/7-5 

UC1548 Primary Side PWM Controller PS/3-83 

UCC1570 Low Power Pulse Width Modulator PS/3-91 

UCC15701 Advanced Voltage Mode Pulse Width Modulator PS/3-99 

UC1572 Negative Output Flyback Pulse Width Modulator PS/3-108 

UC1573 Buck Pulse Width Modulator Stepdown Voltage Regulator PS/3-112 
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UCC1 580-2 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC1 580-3 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC1 580-4 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC1581 Micropower Voltage Mode PWM PS/3-131 

UCC1583 Switch Mode Secondary Side Post Regulator PS/3-139 

UC1584 Secondary Side Synchronous Post Regulator PS/3-148 

UCC1585 Low Voltage Synchronous Buck Controller PS/3-154 

UCC1588 5-Bit Programmable Output BiCMOS Power Supply Controller PS/3-163 

UC1610 Dual Schottky Diode Bridge PS/7-10 

UC161 1 Quad Schottky Diode Array PS/7-12 

UC1612 Dual Schottky Diode PS/7-15 

UC1625 Brushless DC Motor Controller PS/8-37 

UC1633 Phase Locked Frequency Controller PS/8-63 

UC1634 Phase Locked Frequency Controller PS/8-70 

UC1635 Phase Locked Frequency Controller PS/8-74 

UC1637 Switched Mode Controller for DC Motor Drive PS/8-78 

UC1638 Advanced PWM Motor Controller PS/8-84 

UC1702 Quad PWM Relay Driver PS/6-12 

UC1705 High Speed Power Driver PS/6-16 

UC1706 Dual Output Driver PS/6-19 

UC1707 Dual Channel Power Driver PS/6-24 

UC1708 Dual Non-Inverting Power Driver. PS/6-31 

UC1709 Dual High-Speed FET Driver PS/6-35 

UC1710 High Current FET Driver PS/6-38 

UC171 1 Dual Ultra High-Speed FET Driver PS/6-41 

UC17131 Smart Power Switch PS/9-13 

UC17132 Smart Power Switch PS/9-13 

UC17133 Smart Power Switch PS/9-13 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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Numeric Master Part Index 


In 


Part No. Description Volume/Page 

UC1714 Complementary Switch FET Drivers PS/6-43 

UC1715 Complementary Switch FET Drivers PS/6-43 

UC1717 Stepper Motor Drive Circuit PS/8-92 

UC1724 Isolated Drive Transmitter PS/6-50 

UC1725 Isolated High Side FET Driver PS/6-53 

UC1726 Isolated Drive Transmitter PS/6-57 

UC1727 Isolated High Side IGBT Driver PS/6-62 

UC1730 Thermal Monitor PS/7-17 

UCC17423 Dual 3A MOSFET Driver PS/6-68 

UCC17424 Dual 3A MOSFET Driver PS/6-68 

UCC17425 Dual 3A MOSFET Driver PS/6-68 

UCC17523 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 
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UCC1802 Low-Power BiCMOS Current-Mode PWM . . . PS/3-173 

UCC1803 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC1804 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC1805 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC1806 Low Power, Dual Output, Current Mode PWM Controller PS/3-180 

UCC1 807-1 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC1 807-2 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC1 807-3 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC1 808-1 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC1 808-2 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC1 809-1 Economy Primary Side Controller PS/3-198 

UCC1 809-2 Economy Primary Side Controller PS/3-198 

UCC1810 Dual Channel Synchronized Current Mode PWM PS/3-205 

UCC1817 BiCMOS Power Factor Preregulator PS/4-5 

UCC1818 BiCMOS Power Factor Preregulator PS/4-5 

UC182-1 Fast LDO Linear Regulator PS/5-5 

UC182-2 Fast LDO Linear Regulator PS/5-5 

UC1823 High Speed PWM Controller PS/3-219 

UC1823A High Speed PWM Controller PS/3-225 

UC1823B High Speed PWM Controller PS/3-225 

UC182-3 Fast LDO Linear Regulator PS/5-5 

UC1824 High Speed PWM Controller PS/3-233 

UC1825 High Speed PWM Controller PS/3-240 

UC1825A High Speed PWM Controller PS/3-225 

UC1825B High Speed PWM Controller PS/3-225 

UC1826 Secondary Side Average Current Mode Controller PS/3-247 

UC1 827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers PS/3-257 

UC1 827-2 Buck CurrentA/oltage Fed Push-Pull PWM Controllers PS/3-257 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold . 
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Numeric Master Part Index 
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Part No. Description V Volume/Page 

UC182-ADJ Fast LDO Linear Regulator PS/5-5 

UC 1832 High Speed PWM Controller PS/5-11 

UC1833 Precision Low Dropout Linear Controller PS/5-1 1 

UC1834 High Efficiency Linear Regulator PS/5-18 

UC1835 High Efficiency Regulator Controller PS/5-24 

UC1836 High Efficiency Regulator Controller PS/5-24 

UCC1837 8-Pin N-FET Linear Regulator Controller PS/5-28 

UC1838A Magnetic Amplifier Controller PS/3-272 

UCC1839 Secondary Side Average Current Mode Controller PS/3-276 

UC1841 Programmable, Off-Line, PWM Controller PS/3-281 

UC1842 Current Mode PWM Controller PS/3-289 

UC1842A Current Mode PWM Controller PS/3-296 

UC1843 Current Mode PWM Controller PS/3-289 

UC1843A Current Mode PWM Controller PS/3-296 

UC1844 Current Mode PWM Controller PS/3-289 

UC1844A Current Mode PWM Controller PS/3-296 

UC1845 Current Mode PWM Controller PS/3-289 

UC1845A Current Mode PWM Controller PS/3-296 

UC1846 Current Mode PWM Controller PS/3-302 

UC1847 Current Mode PWM Controller PS/3-302 

UC1848 Average Current Mode PWM Controller PS/3-309 

UC1849 Secondary Side Average Current Mode Controller PS/3-317 

UCC18500 Combined PFC/PWM Controller PS/4-15 

UC 18501 Combined PFC/PWM Controller PS/4-15 

UC 18502 Combined PFC/PWM Controller PS/4-15 

UC18503 Combined PFC/PWM Controller PS/4-15 

UC1851 Programmable, Off-Line, PWM Controller PS/3-327 

UC185-1 Fast LDO Linear Regulator IF/5-35 

UC1852 High Power-Factor Preregulator PS/4-22 

UC185-2 Fast LDO Linear Regulator IF/5-35 

UC1853 High Power Factor Preregulator PS/4-27 

UC185-3 Fast LDO Linear Regulator IF/5-35 

UC1854 High Power Factor Preregulator PS/4-32 

UC1854A Enhanced High Power Factor Preregulator PS/4-42 

UC1854B Enhanced High Power Factor Preregulator PS/4-42 

UC1855A High Performance Power Factor Preregulator PS/4-48 

UC1855B High Performance Power Factor Preregulator PS/4-48 

UC1856 Improved Current Mode PWM Controller PS/3-333 

UCC1857 Isolated Boost PFC Preregulator Controller PS/4-56 

UCC1858 High Efficiency, High Power Factor Preregulator PS/4-65 

UC185-ADJ Fast LDO Linear Regulator IF/5-35 

UC1860 Resonant Mode Power Supply Controller PS/3-341 

UC1 861 Resonant-Mode Power Supply Controllers PS/3-349 

UC1862 Resonant-Mode Power Supply Controllers PS/3-349 

UC1863 Resonant-Mode Power Supply Controllers PS/3-349 


Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 
Products included in this book are listed in bold. 
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UC1864 Resonant-Mode Power Supply Controllers PS/3-349 

UC 1865 Resonant-Mode Power Supply Controllers PS/3-349 

UC1866 Resonant-Mode Power Supply Controllers PS/3-349 

UC1867 Resonant-Mode Power Supply Controllers PS/3-349 

UC1868 Resonant-Mode Power Supply Controllers PS/3-349 

UC1871 Resonant Fluorescent Lamp Driver PP/8-2 

UC1872 Resonant Lamp Ballast Controller PP/8-8 

UC1875 Phase Shift Resonant Controller PS/3-357 

UC1876 Phase Shift Resonant Controller PS/3-357 

UC1877 Phase Shift Resonant Controller PS/3-357 

UC1878 Phase Shift Resonant Controller PS/3-357 

UC1879 Phase Shift Resonant Controller PS/3-367 

UCC1884 Frequency Foldback Current Mode PWM Controller PS/3-393 

UC1886 Average Current Mode PWM Controller 1C PS/3-400 

UCC1888 Off-line Power Supply Controller PS/3-407 

UCC1889 Off-line Power Supply Controller PS/3-412 

UCC1890 Off-Line Battery Charger Circuit PS/3-418 

UCC1895 BiCMOS Advanced Phase Shift PWM Controller PS/3-425 

UC1901 Isolated Feedback Generator PS/7-21 

UC1902 Load Share Controller PS/7-27 

UC1903 Quad Supply and Line Monitor PS/7-32 

UC1904 Precision Quad Supply and Line Monitor PS/7-39 

UC1907 Load Share Controller PS/7-44 

UC1910 4-Bit DAC and Voltage Monitor PS/3-437 

UCC1913 Negative Voltage Hot Swap Power Manager IF/5-15 

UC1914 5V to 35V Hot Swap Power Manager IF/5-23 

UCC1919 3V to 8V Hot Swap Power Manager IF/5-68 

UCC1921 Latchable Negative Floating Hot Swap Power Manager IF/5-78 

UCC1926 ±20A Integrated Current Sensor PS/9-43 

UCC1 941 1 Low Power Synchronous Boost Converter PP/7-58 

UCC19412 Low Power Synchronous Boost Converter PP/7-58 

UCC19413 Low Power Synchronous Boost Converter PP/7-58 

UC19431 Precision Adjustable Shunt Regulator PS/7-50 

UC 19432 Precision Analog Controller PS/7-56 

UCC1946 Microprocessor Supervisor with Watchdog Timer PP/7-88 

UCC1960 Primary-Side Startup Controller PS/3-442 

UCC1961 Advanced Primary-Side Startup Controller PS/3-450 

UC1965 Precision Reference with Low Offset Error Amplifier PS/7-60 

UCC1972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller PP/8-13 

bq2000 Programmable Multi-Chemistry Fast-Charge-Management 1C PP/3-7 

DV2000S1 Multi-Chemistry Switching Charger Development System PP/3-33 

bq2000T Programmable Multi-Chemistry Fast-Charge Management 1C PP/3-20 

bq2002/F Fast-Charge ICs PP/3-35 

bq2002C Fast-Charge 1C PP/3-43 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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bq2002D/T Fast-Charge ICs PP/3-51 

bq2002E/G Fast-Charge ICs PP/3-61 

DV2002L2/TL2 Fast-Charge Development Systems. . PP/3-70 

bq2003 Fast-Charge 1C PP/3-73 

DV2003L1 Fast-Charge Development System PP/3-85 

DV2003S1 Fast-Charge Development System PP/3-87 

DV2003S2 Fast-Charge Development System PP/3-89 

bq2004 Fast-Charge 1C PP/3-91 

bq2004E/H Fast-Charge ICs PP/3-105 

DV2004L1 Fast-Charge Development System PP/3-103 

DV2004S1/ES1/HS1 Fast-Charge Development Systems PP/3-117 

bq2005 Fast-Charge 1C for Dual-Battery Packs PP/3-119 

DV2005L1 Fast-Charge Development System PP/3-131 

DV2005S1 Fast-Charge Development System PP/3-134 

bq2007 Fast-Charge 1C PP/3-137 

DV2007S1 Fast-Charge Development System PP/3-151 

bq2010 Gas Gauge 1C PP/4-3 

EV2010 bq2010 Evaluation System PP/4-21 

bq201 1 Gas Gauge 1C for High Discharge Rates PP/4-24 

EV201 1 bq201 1 Evaluation System PP/4-42 

bq201 1 J Gas Gauge 1C for High Discharge Rates PP/4-45 

bq2011K Gas Gauge 1C for High Discharge Rates PP/4-63 

bq2012 Gas Gauge with Slow-Charge Control PP/4-81 

EV2012 bq2012 Evaluation System PP/4-100 

bq2013H Gas Gauge 1C for Power-Assist Applications PP/4-103 

bq2014 Gas Gauge 1C with External Charge Control PP/4-123 

EV2014 bq201 4 Evaluation Board PP/4-142 

bq2014H Gas Gauge 1C with External Charge Control PP/4-149 

EV2014x Gas-Gauge and Fast-Charge Evaluation System PP/4-145 

bq2018 Power Minder 1C PP/4-170 

bq2031 Lead-Acid Fast-Charge 1C PP/3-154 

DV2031S2 Lead-Acid Charger Development System PP/3-168 

bq2040 Gas-Gauge 1C with SMBus Interface PP/4-185 

bq2050 Li-Ion Power Gauge 1C PP/4-21 5 

EV2050 Power Gauge Evaluation Board PP/4-234 

bq2050H Low-Cost Li-Ion Power Gauge 1C PP/4-237 

bq2052 Gas Gauge 1C for Lithium Primary Cells PP/4-259 

bq2054 Li-Ion Fast-Charge 1C PP/3-170 

DV2054S2 Li-Ion Charger Development System PP/3-184 

bq2056/T/V Low-Dropout Li-Ion Fast-Charge ICs PP/3-186 

bq2058 Li-Ion Pack Supervisor for 3- and 4-Cell Packs PP/6-2 

bq2058T Li-Ion Pack Supervisor for 2-Cell Packs PP/6-14 

bq2060 SBS vl .1 -Compliant Gas-Gauge 1C PP/4-276 

bq2092 Gas Gauge 1C with SMBus-Like Interface PP/4-314 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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bq21 10 NiCd or NiMH Gas Gauge Module PP/5-2 

bq21 1 1 L NiCd Gas Gauge Module with LEDs for High Discharge Rates PP/5-8 

bq21 12 NiCd or NiMH Gas Gauge Module with Slow-Charge Control PP/5-14 

bq21 13H Gas Gauge Module for Power Assist Applications PP/5-20 

bq2114 NiCd or NiMH Gas-Gauge Module with Charge-Control Output PP/5-24 

bq2118 Power Minder Mini-Board PP/5-30 

bq2145 Smart Battery Module with LEDs PP/5-34 

bq2148 Smart Battery Module with LEDs and Pack Supervisor PP/5-40 

bq2150 Li-Ion Power Gauge Module PP/5-47 

bq2150H Li-Ion Power Gauge Module PP/5-53 

bq2158 3 or 4 Series Cell Li-Ion Pack Supervisor Module PP/5-57 

bq2158T Two Series Cell Li-Ion Pack Supervisor Module PP/5-64 

bq2164 NiCd or NiMH Gas Gauge Module with Fast-Charge Control PP/5-71 

bq2167 Li-Ion Power Gauge Module with Pack Supervisor PP/5-77 

bq2168 Li-Ion Power Gauge Module with Pack Supervisor PP/5-85 

bq219XL Smart Battery Module with LEDs PP/5-93 

EV2200 EV2200 PC Interface Board for Gas Gauge Evaluation PP/4-370 

bq2201 Nonvolatile Controller (by one) NV/3-3 

bq2202 SRAM Nonvolatile Controller with Reset NV/3-1 1 

bq2203A Nonvolatile Controller with Battery Monitor NV/3-1 9 

bq2204A Nonvolatile Controller (by four) NV/3-27 

UCC2305 HID Lamp Controller PS/9-1 

bq2502 Integrated Backup Unit NV/3-35 

UC2524 Advanced Regulating Pulse Width Modulators PS/3-43 

UC2524A Advanced Regulating Pulse Width Modulators PS/3-48 

UC2525A Regulating Pulse Width Modulators PS/3-54 

UC2525B Regulating Pulse Width Modulators PS/3-61 

UC2526 Regulating Pulse Width Modulator PS/3-68 

UC2526A Regulating Pulse Width Modulator PS/3-75 

UC2527A Regulating Pulse Width Modulators PS/3-54 

UC2527B Regulating Pulse Width Modulators PS/3-61 

UC2543 Power Supply Supervisory Circuit PS/7-5 

UC2544 Power Supply Supervisory Circuit PS/7-5 

UC2548 Primary Side PWM Controller PS/3-83 

UCC2570 Low Power Pulse Width Modulator PS/3-91 

UCC25701 Advanced Voltage Mode Pulse Width Modulator PS/3-99 

UC2572 Negative Output Flyback Pulse Width Modulator PS/3-108 

UC2573 Buck Pulse Width Modulator Stepdown Voltage Regulator PS/3-112 

UC2577-12 Simple Step-Up Fixed Voltage Regulators PS/3-31 

UC2577-13 Simple Step-Up Fixed Voltage Regulators PS/3-31 

UC2577-14 Simple Step-Up Fixed Voltage Regulators PS/3-31 

UC2577-15 Simple Step-Up Fixed Voltage Regulators PS/3-31 

UC2577-ADJ Simple Step-Up Voltage Regulator PS/3-36 

UC2578 Buck Pulse Width Modulator Stepdown Voltage Regulator . PS/3-116 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UCC2580-1 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC2580-2 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC2580-3 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC2580-4 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC2581 Micropower Voltage Mode PWM PS/3-131 

UCC2583 Switch Mode Secondary Side Post Regulator PS/3-139 

UC2584 Secondary Side Synchronous Post Regulator PS/3-148 

UCC2585 Low Voltage Synchronous Buck Controller PS/3-154 

UCC2588 5-Bit Programmable Output BiCMOS Power Supply Controller PS/3-163 

UC2610 Dual Schottky Diode Bridge PS/7-10 

UC2625 Brushless DC Motor Controller . PS/8-37 

UCC2626 Brushless DC Motor Controller PS/8-50 

UC2633 Phase Locked Frequency Controller . PS/8-63 

UC2634 Phase Locked Frequency Controller PS/8-70 

UC2635 Phase Locked Frequency Controller PS/8-74 

UC2637 Switched Mode Controller for DC Motor Drive PS/8-78 

UC2638 Advanced PWM Motor Controller PS/8-84 

UC2702 Quad PWM Relay Driver PS/6-12 

UC2705 High Speed Power Driver PS/6-16 

UC2706 Dual Output Driver PS/6-19 

UC2707 Dual Channel Power Driver PS/6-24 

UC2708 Dual Non-Inverting Power Driver PS/6-31 

UC2709 Dual High-Speed FET Driver PS/6-35 

UC2710 High Current FET Driver. PS/6-38 

UC2717 Stepper Motor Drive Circuit PS/8-92 

UC27131 Smart Power Switch PS/9-13 

UC27132 Smart Power Switch PS/9-13 

UC27133 Smart Power Switch PS/9-13 

UC2714 Complementary Switch FET Drivers PS/6-43 

UC3717 Stepper Motor Drive Circuit PS/8-92 

UC3715 Complementary Switch FET Drivers PS/6-43 

UC2724 Isolated Drive Transmitter PS/6-50 

UC2725 Isolated High Side FET Driver PS/6-53 

UC2726 Isolated Drive Transmitter PS/6-57 

UC2727 Isolated High Side IGBT Driver PS/6-62 

UC2730 Thermal Monitor PS/7-17 

UCC27423 Dual 3A MOSFET Driver PS/6-68 

UCC27424 Dual 3A MOSFET Driver PS/6-68 

UCC27425 Dual 3A MOSFET Driver PS/6-68 

UCC2750 Source Ringer Controller PS/9-22 

UCC2751 Single Line Ring Generator Controller PS/9-32 

UCC2752 Resonant Ring Generator Controller PS/9-38 

UCC27523 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

UCC27524 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

UCC27525 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UCC2776 Quad FET Driver PS/6-79 

UCC2800 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2801 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2802 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2803 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2804 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2805 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2806 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC2806 Low Power, Dual Output, Current Mode PWM Controller PS/3-180 

UCC2807-1 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC2807-2 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC2807-3 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC2808-1 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC2808-2 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC2809-1 Economy Primary Side Controller PS/3-198 

UCC2809-2 Economy Primary Side Controller PS/3-198 

UCC2810 Dual Channel Synchronized Current Mode PWM PS/3-205 

UCC281-3 Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UCC2813-0 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC2813-1 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC2813-2 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC2813-3 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC2813-4 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC2813-5 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC281-5 Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UCC2817 BiCMOS Power Factor Preregulator PS/4-5 

UCC2818 BiCMOS Power Factor Preregulator PS/4-5 

UCC281-ADJ Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UC282-1 Fast LDO Linear Regulator PS/5-5 

UC282-2 Fast LDO Linear Regulator PS/5-5 

UC2823 High Speed PWM Controller PS/3-219 

UC282-3 Fast LDO Linear Regulator PS/5-5 

UC2823A High Speed PWM Controller PS/3-225 

UC2823B High Speed PWM Controller PS/3-225 

UC2824 High Speed PWM Controller PS/3-233 

UC2825 High Speed PWM Controller PS/3-240 

UC2825A High Speed PWM Controller PS/3-225 

UC2825B High Speed PWM Controller PS/3-225 

UC2826 Secondary Side Average Current Mode Controller PS/3-247 

UC2827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers PS/3-257 

UC2827-2 Buck Current/Voltage Fed Push-Pull PWM Controllers PS/3-257 

UC282-ADJ Fast LDO Linear Regulator PS/5-5 

UC2832 Precision Low Dropout Linear Controllers PS/5-1 1 

UC2833 Precision Low Dropout Linear Controllers PS/5-1 1 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 


1-8 



Numeric Master Part Index 


Part No. Description Volume/Page 

UCC283-3 Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC2834 High Efficiency Linear Regulator PS/5-18 

UC2835 High Efficiency Regulator Controller PS/5-24 

UCC283-5 Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC2836 High Efficiency Regulator Controller PS/5-24 

UCC2837 8-Pin N-FET Linear Regulator Controller PS/5-28 

UC2838A Magnetic Amplifier Controller PS/3-272 

UCC2839 Secondary Side Average Current Mode Controller PS/3-276 

UCC283-ADJ Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC2841 Programmable, Off-Line, PWM Controller PS/3-281 

UCC284-12 Low Dropout 0.5A Negative Linear Regulator PP/7-19 

UC2842 Current Mode PWM Controller PS/3-289 

UC2842A Current Mode PWM Controller PS/3-296 

UC2843 Current Mode PWM Controller PS/3-289 

UC2843A Current Mode PWM Controller PS/3-296 

UC2844 Current Mode PWM Controller PS/3-289 

UC2844A Current Mode PWM Controller PS/3-296 

UC2845 Current Mode PWM Controller PS/3-289 

UCC284-5 Low Dropout 0.5A Negative Linear Regulator PP/7-19 

UC2845A Current Mode PWM Controller PS/3-296 

UC2846 Current Mode PWM Controller PS/3-302 

UC2847 Current Mode PWM Controller PS/3-302 

UC2848 Average Current Mode PWM Controller PS/3-309 

UC2849 Secondary Side Average Current Mode Controller PS/3-317 

UCC284-ADJ Low Dropout 0.5A Negative Linear Regulator PP/7-19 

UCC28500 Combined PFC/PWM Controller PS/4-15 

UC28501 Combined PFC/PWM Controller PS/4-15 

UC28502 Combined PFC/PWM Controller PS/4-15 

UC28503 Combined PFC/PWM Controller PS/4-15 

UC2851 Programmable, Off-Line, PWM Controller PS/3-327 

UC285-1 Fast LDO Linear Regulator IF/5-35 

UC2852 High Power-Factor Preregulator PS/4-22 

UC285-2 Fast LDO Linear Regulator IF/5-35 

UC2853 High Power Factor Preregulator PS/4-27 

UC285-3 Fast LDO Linear Regulator IF/5-35 

UC2854 High Power Factor Preregulator PS/4-32 

UC2854A Enhanced High Power Factor Preregulator PS/4-42 

UC2854B Enhanced High Power Factor Preregulator PS/4-42 

UC2855A High Performance Power Factor Preregulator PS/4-48 

UC2855B High Performance Power Factor Preregulator PS/4-48 

UC2856 Improved Current Mode PWM Controller PS/3-333 

UCC2857 Isolated Boost PFC Preregulator Controller PS/4-56 

UCC2858 High Efficiency, High Power Factor Preregulator PS/4-65 

UC285-ADJ Fast LDO Linear Regulator IF/5-35 


Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 
Products included in this book are listed in bold. 
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UCC286 Low Dropout 200mA Linear Regulator PP/7-29 

UC2860 Resonant Mode Power Supply Controller PS/3-341 

UC2861 Resonant-Mode Power Supply Controllers PS/3-349 

UC2862 Resonant-Mode Power Supply Controllers PS/3-349 

UC2863 Resonant-Mode Power Supply Controllers PS/3-349 

UC2864 Resonant-Mode Power Supply Controllers PS/3-349 

UC2865 Resonant-Mode Power Supply Controllers PS/3-349 

UC2866 Resonant-Mode Power Supply Controllers PS/3-349 

UC2867 Resonant-Mode Power Supply Controllers PS/3-349 

UC2868 Resonant-Mode Power Supply Controllers PS/3-349 

UCC287 Low Dropout 200mA Linear Regulator PP/7-29 

UC2871 Resonant Fluorescent Lamp Driver PP/8-2 

UC2872 Resonant Lamp Ballast Controller PP/8-8 

UC2875 Phase Shift Resonant Controller PS/3-357 

UC2876 Phase Shift Resonant Controller PS/3-357 

UC2877 Phase Shift Resonant Controller PS/3-357 

UC2878 Phase Shift Resonant Controller PS/3-357 

UC2879 Phase Shift Resonant Controller PS/3-367 

UCC288 Low Dropout 200mA Linear Regulator PP/7-29 

UCC2880-4 Pentium® Pro Controller PS/3-373 

UCC2880-5 Pentium® Pro Controller PS/3-373 

UCC2880-6 Pentium® Pro Controller PS/3-373 

UCC2882-1 Average Current Mode Synchronous Controller with 5-Bit DAC PS/3-380 

UCC2884 Frequency Foldback Current Mode PWM Controller PS/3-393 

UC2886 Average Current Mode PWM Controller 1C PS/3-400 

UCC2888 Off-line Power Supply Controller PS/3-407 

UCC2889 Off-line Power Supply Controller PS/3-412 

UCC2890 Off-Line Battery Charger Circuit PS/3-418 

UCC2895 BiCMOS Advanced Phase Shift PWM Controller PS/3-425 

UC2901 Isolated Feedback Generator PS/7-21 

UC2902 Load Share Controller PS/7-27 

bq2902 Rechargeable Alkaline Charge/Discharge Controller 1C PP/3-194 

DV2902 Rechargeable Alkaline Development System PP/3-202 

UC2903 Quad Supply and Line Monitor PS/7-32 

bq2903 Rechargeable Alkaline Charge/Discharge Controller 1C PP/3-204 

EV2903 bq2903 Evaluation System . PP/3-214 

UC2904 Precision Quad Supply and Line Monitor PS/7-39 

UC2906 Sealed Lead-Acid Battery Charger PP/3-237 

UC2907 Load Share Controller PS/7-44 

UC2909 Switchmode Lead-Acid Battery Charger PP/3-244 

UC2910 4-Bit DAC and Voltage Monitor . PS/3-437 

UCC2913 Negative Voltage Hot Swap Power Manager IF/5-15 

UC2914 5V to 35V Hot Swap Power Manager IF/5-23 

UCC2915 15V Programmable Hot Swap Power Manager IF/5-37 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UCC2918 Low On Resistance Hot Swap Power Manager IF/5-61 

UCC2919 3V to 8V Hot Swap Power Manager IF/5-68 

UCC2921 Latchable Negative Floating Hot Swap Power Manager IF/5-78 

UCC2926 ±20A Integrated Current Sensor PS/9-43 

L293/D Push-Pull Four Channel Driver PS/6-5 

UCC29401 Advanced Low Voltage Boost Controller PP/7-34 

UCC2941 1 Low Power Synchronous Boost Converter PP/7-58 

UCC29412 Low Power Synchronous Boost Converter PP/7-58 

UCC29413 Low Power Synchronous Boost Converter PP/7-58 

UCC29421 High Power Synchronous Boost Controller PP/7-66 

UCC29422 High Power Synchronous Boost Controller PP/7-66 

UC29431 Precision Adjustable Shunt Regulator PS/7-50 

UC29432 Precision Analog Controller PS/7-56 

bq2945 Gas Gauge 1C with SMBus-Like Interface PP/4-340 

UCC2946 Microprocessor Supervisor with Watchdog Timer PP/7-88 

UC2950 Half-Bridge Bipolar Switch PS/6-10 

bq2954 Li-Ion Fast-Charge 1C PP/3-217 

DV2954S1H Li-Ion Charger Development System PP/3-235 

DV2954S1 L Li-Ion Charger Development System PP/3-233 

UCC2956 Switch Mode Lithium-Ion Battery Charger Controller PP/3-253 

UCC2960 Primary-Side Startup Controller PS/3-442 

UCC2961 Advanced Primary-Side Startup Controller PS/3-450 

UC2965 Precision Reference with Low Offset Error Amplifier PS/7-60 

UCC2972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller PP/8-13 

UC3173A Full Bridge Power Amplifier PS/8-5 

UC3175B Full Bridge Power Amplifier PS/8-16 

UC3176 Full Bridge Power Amplifier PS/8-21 

UC3177 Full Bridge Power Amplifier PS/8-21 

UC3178 Full Bridge Power Amplifier PS/8-25 

bq3285 Real-Time Clock 1C (RTC) NV/4-3 

bq3285E/L Real-Time Clock ICs (RTC) NV/4-22 

bq3285EC/LC Real-Time Clock ICs (RTC) NV/4-46 

bq3285ED/LD Real-Time Clock ICs (RTC) NV/4-69 

bq3285LF ACPI-Compliant Real-Time Clock 1C NV/4-92 

bq3287/bq3287A Real-Time Clock Module NV/4-1 1 1 

bq3287E/bq3287EA Real-Time Clock Module NV/4-1 15 

bq3287LD Real-Time Clock Module NV/4-1 19 

UCC3305 HID Lamp Controller PS/9-5 

UC3517 Stepper Motor Drive Circuit PS/8-30 

UC3524 Advanced Regulating Pulse Width Modulators PS/3-43 

UC3524A Advanced Regulating Pulse Width Modulators PS/3-48 

UC3525A Regulating Pulse Width Modulators PS/3-54 

UC3525B Regulating Pulse Width Modulators PS/3-61 

UC3526 Regulating Pulse Width Modulator PS/3-68 
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UC3526A Regulating Pulse Width Modulator PS/3-75 

UC3527A Regulating Pulse Width Modulators PS/3-54 

UC3527B Regulating Pulse Width Modulators PS/3-61 

UC3543 Power Supply Supervisory Circuit PS/7-5 

UC3544 Power Supply Supervisory Circuit PS/7-5 

UC3548 Primary Side PWM Controller PS/3-83 

UCC3570 Low Power Pulse Width Modulator PS/3-91 

UCC35701 Advanced Voltage Mode Pulse Width Modulator PS/3-99 

UC3572 Negative Output Flyback Pulse Width Modulator PS/3-108 

UC3573 Buck Pulse Width Modulator Stepdown Voltage Regulator PS/3-112 

UC3578 Buck Pulse Width Modulator Stepdown Voltage Regulator PS/3-116 

UCC3580-1 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC3580-2 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC3580-3 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC3580-4 Single Ended Active Clamp/Reset PWM PS/3-122 

UCC3581 Micropower Voltage Mode PWM PS/3-131 

UCC3583 Switch Mode Secondary Side Post Regulator PS/3-139 

UC3584 Secondary Side Synchronous Post Regulator PS/3-148 

UCC3585 Low Voltage Synchronous Buck Controller PS/3-154 

UCC3588 5-Bit Programmable Output BiCMOS Power Supply Controller PS/3-163 

UC3610 Dual Schottky Diode Bridge PS/7-10 

UC361 1 Quad Schottky Diode Array PS/7-12 

UC3612 Dual Schottky Diode PS/7-15 

UC3625 Brushless DC Motor Controller PS/8-37 

UCC3626 Brushless DC Motor Controller PS/8-50 

UC3633 Phase Locked Frequency Controller PS/8-63 

UC3634 Phase Locked Frequency Controller PS/8-70 

UC3635 Phase Locked Frequency Controller PS/8-74 

UC3637 Switched Mode Controller for DC Motor Drive PS/8-78 

UC3638 Advanced PWM Motor Controller PS/8-84 

UC3702 Quad PWM Relay Driver PS/6-12 

UC3705 High Speed Power Driver PS/6-16 

UC3706 Dual Output Driver PS/6-19 

UC3707 Dual Channel Power Driver PS/6-24 

UC3708 Dual Non-Inverting Power Driver PS/6-31 

UC3709 Dual High-Speed FET Driver PS/6-35 

UC3710 High Current FET Driver PS/6-38 

UC3711 Dual Ultra High-Speed FET Driver PS/6-41 

UC37131 Smart Power Switch PS/9-13 

UC37132 Smart Power Switch PS/9-13 

UC37133 Smart Power Switch PS/9-13 

UC3714 Complementary Switch FET Drivers PS/6-43 

UC3715 Complementary Switch FET Drivers PS/6-43 

UC3717 Stepper Motor Drive Circuit PS/8-92 

UC3717A Stepper Motor Drive Circuit PS/8-100 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UC3724 Isolated Drive Transmitter PS/6-50 

UC3725 Isolated High Side FET Driver PS/6-53 

UC3726 Isolated Drive Transmitter PS/6-57 

UC3727 Isolated High Side IGBT Driver PS/6-62 

UC3730 Thermal Monitor PS/7-17 

UCC37423 Dual 3A MOSFET Driver PS/6-68 

UCC37424 Dual 3A MOSFET Driver PS/6-68 

UCC37425 Dual 3A MOSFET Driver PS/6-68 

UCC3750 Source Ringer Controller PS/9-22 

UCC3751 Single Line Ring Generator Controller PS/9-32 

UCC3752 Resonant Ring Generator Controller PS/9-38 

UCC37523 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

UCC37524 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

UCC37525 Dual 3A MOSFET Driver With Adaptive LEB PS/6-73 

UC3770A High Performance Stepper Motor Drive Circuit PS/8-108 

UC3770B High Performance Stepper Motor Drive Circuit PS/8-108 

UCC3776 Quad FET Driver PS/6-79 

UCC3800 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3801 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3802 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3803 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3804 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3805 Low-Power BiCMOS Current-Mode PWM PS/3-173 

UCC3806 Low Power, Dual Output, Current Mode PWM Controller PS/3-180 

UCC3807-1 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC3807-2 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC3807-3 Programmable Maximum Duty Cycle PWM Controller PS/3-187 

UCC3808-1 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC3808-2 Low Power Current Mode Push-Pull PWM PS/3-192 

UCC3809-1 Economy Primary Side Controller PS/3-198 

UCC3809-2 Economy Primary Side Controller PS/3-198 

UCC3810 Dual Channel Synchronized Current Mode PWM . PS/3-205 

UCC381-3 Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UCC3813-0 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC3813-1 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC3813-2 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC3813-3 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC3813-4 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC3813-5 Low Power Economy BiCMOS Current Mode PWM PS/3-212 

UCC381-5 Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UCC3817 BiCMOS Power Factor Preregulator PS/4-5 

UCC3818 BiCMOS Power Factor Preregulator PS/4-5 

UCC381-ADJ Low Dropout 1 Ampere Linear Regulator Family PP/7-5 

UC382-1 Fast LDO Linear Regulator PS/5-5 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UC382-2 Fast LDO Linear Regulator PS/5-5 

UC3823 High Speed PWM Controller PS/3-219 

UC382-3 Fast LDO Linear Regulator PS/5-5 

UC3823A High Speed PWM Controller PS/3-225 

UC3823B High Speed PWM Controller PS/3-225 

UC3824 High Speed PWM Controller PS/3-233 

UC3825 High Speed PWM Controller PS/3-240 

UC3825A High Speed PWM Controller PS/3-225 

UC3825B High Speed PWM Controller PS/3-225 

UC3826 Secondary Side Average Current Mode Controller PS/3-247 

UC3827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers PS/3-257 

UC3827-2 Buck Current/Voltage Fed Push-Pull PWM Controllers PS/3-257 

UC382-ADJ Fast LDO Linear Regulator PS/5-5 

UCC3830-4 5-Bit Microprocessor Power Supply Controller PS/3-263 

UCC3830-5 5-Bit Microprocessor Power Supply Controller PS/3-263 

UCC3830-6 5-Bit Microprocessor Power Supply Controller PS/3-263 

UCC3831 Universal Serial Bus Power Controller IF/5-3 

UC3832 Precision Low Dropout Linear Controllers PS/5-1 1 

UC3833 Precision Low Dropout Linear Controllers PS/5-1 1 

UCC383-3 Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC3834 High Efficiency Linear Regulator PS/5-18 

UC3835 High Efficiency Regulator Controller PS/5-24 

UCC383-5 Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC3836 High Efficiency Regulator Controller PS/5-24 

UCC3837 8-Pin N-FET Linear Regulator Controller PS/5-28 

UC3838A Magnetic Amplifier Controller PS/3-272 

UCC3839 Secondary Side Average Current Mode Controller . . . PS/3-276 

UCC383-ADJ Low Dropout 3 Ampere Linear Regulator Family PP/7-12 

UC3841 Programmable, Off-Line, PWM Controller PS/3-281 

UCC384-12 Low Dropout 0.5A Negative Linear Regulator PP/7-19 

UC3842 Current Mode PWM Controller PS/3-289 

UC3842A Current Mode PWM Controller PS/3-296 

UC3843 Current Mode PWM Controller PS/3-289 

UC3843A Current Mode PWM Controller PS/3-296 

UC3844 Current Mode PWM Controller PS/3-289 

UC3844A Current Mode PWM Controller PS/3-296 

UC3845 Current Mode PWM Controller PS/3-289 

UCC384-5 Low Dropout 0.5A Negative Linear Regulator PP/7-19 

UC3845A Current Mode PWM Controller PS/3-296 

UC3846 Current Mode PWM Controller PS/3-302 

UC3847 Current Mode PWM Controller PS/3-302 

UC3848 Average Current Mode PWM Controller PS/3-309 

UC3849 Secondary Side Average Current Mode Controller PS/3-317 

UCC384-ADJ Low Dropout 0.5A Negative Linear Regulator PP/7-19 

Part numbers are listed numerically, not by prefix (bq, DV, EV, L/C, UCC). 

Products included in this book are listed in bold. 
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UCC38500 Combined PFC/PWM Controller PS/4-15 

UC38501 Combined PFC/PWM Controller PS/4-15 

UC38502 Combined PFC/PWM Controller PS/4-15 

UC38503 Combined PFC/PWM Controller PS/4-15 

UC3851 Programmable, Off-Line, PWM Controller PS/3-327 

UC385-1 Fast LDO Linear Regulator IF/5-35 

UC3852 High Power-Factor Preregulator PS/4-22 

UC385-2 Fast LDO Linear Regulator IF/5-35 

UC3853 High Power Factor Preregulator PS/4-27 

UC385-3 Fast LDO Linear Regulator IF/5-35 

UCC38531 Universal Serial Bus Power Controller IF/5-6 

UC3854 High Power Factor Preregulator PS/4-32 

UC3854A Enhanced High Power Factor Preregulator PS/4-42 

UC3854B Enhanced High Power Factor Preregulator PS/4-42 

UC3855A High Performance Power Factor Preregulator PS/4-48 

UC3855B High Performance Power Factor Preregulator PS/4-48 

UC3856 Improved Current Mode PWM Controller PS/3-333 

UCC3857 Isolated Boost PFC Preregulator Controller PS/4-56 

UCC3858 High Efficiency, High Power Factor Preregulator PS/4-65 

UC385-ADJ Fast LDO Linear Regulator IF/5-35 

UCC386 Low Dropout 200mA Linear Regulator PP/7-29 

UC3860 Resonant Mode Power Supply Controller PS/3-341 

UC3861 Resonant-Mode Power Supply Controllers PS/3-349 

UC3862 Resonant-Mode Power Supply Controllers PS/3-349 

UC3863 Resonant-Mode Power Supply Controllers PS/3-349 

UC3864 Resonant-Mode Power Supply Controllers. PS/3-349 

UC3865 Resonant-Mode Power Supply Controllers PS/3-349 

UC3866 Resonant-Mode Power Supply Controllers PS/3-349 

UC3867 Resonant-Mode Power Supply Controllers PS/3-349 

UC3868 Resonant-Mode Power Supply Controllers PS/3-349 

UCC387 Low Dropout 200mA Linear Regulator PP/7-29 

UC3871 Resonant Fluorescent Lamp Driver PP/8-2 

UC3872 Resonant Lamp Ballast Controller PP/8-8 

UC3875 Phase Shift Resonant Controller PS/3-357 

UC3876 Phase Shift Resonant Controller PS/3-357 

UC3877 Phase Shift Resonant Controller PS/3-357 

UC3878 Phase Shift Resonant Controller PS/3-357 

UC3879 Phase Shift Resonant Controller PS/3-367 

UCC388 Low Dropout 200mA Linear Regulator PP/7-29 

UCC3880-4 Pentium® Pro Controller PS/3-373 

UCC3880-5 Pentium® Pro Controller PS/3-373 

UCC3880-6 Pentium® Pro Controller PS/3-373 

UCC3882-1 Average Current Mode Synchronous Controller with 5-Bit DAC PS/3-380 

UCC3884 Frequency Foldback Current Mode PWM Controller PS/3-393 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UC3886 Average Current Mode PWM Controller 1C PS/3-400 

UCC3888 Off-line Power Supply Controller PS/3-407 

UCC3889 Off-line Power Supply Controller PS/3-412 

UCC3890 Off-Line Battery Charger Circuit PS/3-418 

UCC3895 BiCMOS Advanced Phase Shift PWM Controller PS/3-425 

UC3901 Isolated Feedback Generator PS/7-21 

UC3902 Load Share Controller PS/7-27 

UC3903 Quad Supply and Line Monitor PS/7-32 

UC3904 Precision Quad Supply and Line Monitor PS/7-39 

UC3906 Sealed Lead-Acid Battery Charger PP/3-237 

UC3907 Load Share Controller PS/7-44 

UC3909 Switchmode Lead-Acid Battery Charger PP/3-244 

UCC391 5-Bit Programmable Output BiCMOS Precision Voltage Reference PS/3-434 

UC3910 4-Bit DAC and Voltage Monitor PS/3-437 

UCC391 1 Lithium-Ion Battery Protector PP/6-26 

UCC3912 Programmable Hot Swap Power Manager IF/5-9 

UCC3913 Negative Voltage Hot Swap Power Manager IF/5-15 

UC3914 5V to 35V Hot Swap Power Manager IF/5-23 

UCC3915 15V Programmable Hot Swap Power Manager IF/5-37 

UCC39151 15V Programmable Hot Swap Power Manager IF/5-42 

UCC3916 SCSI Termpower Manager IF/5-47 

UCC39161 Low Current Hot Swap Power Manager IF/5-50 

UCC3917 Positive Floating Hot Swap Power Manager IF/5-53 

UCC3918 Low On Resistance Hot Swap Power Manager IF/5-61 

UCC3919 3V to 8V Hot Swap Power Manager IF/5-68 

UCC3921 Latchable Negative Floating Hot Swap Power Manager IF/5-78 

UCC3926 ±20A Integrated Current Sensor PS/9-43 

UCC39401 Advanced Low Voltage Boost Controller PP/7-34 

UCC3941 1 Low Power Synchronous Boost Converter PP/7-58 

UCC39412 Low Power Synchronous Boost Converter PP/7-58 

UCC39413 Low Power Synchronous Boost Converter PP/7-58 

UCC3941-3 IV Synchronous Boost Converter PP/7-48 

UCC3941-5 IV Synchronous Boost Converter PP/7-48 

UCC3941-ADJ IV Synchronous Boost Converter PP/7-48 

UCC39421 High Power Synchronous Boost Controller PP/7-66 

UCC39422 High Power Synchronous Boost Controller PP/7-66 

UC39431 Precision Adjustable Shunt Regulator PS/7-50 

UC39431 B Precision Adjustable Shunt Regulator PS/7-50 

UC39432 Precision Analog Controller PS/7-56 

UC39432B Precision Analog Controller PS/7-56 

UCC3946 Microprocessor Supervisor with Watchdog Timer PP/7-88 

UCC3952-1 Enhanced Single Cell Lithium-Ion Battery Protection 1C PP/6-32 

UCC3952-2 Enhanced Single Cell Lithium-Ion Battery Protection 1C PP/6-32 

UCC3952-3 Enhanced Single Cell Lithium-Ion Battery Protection 1C PP/6-32 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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UCC3952-4 Enhanced Single Cell Lithium-Ion Battery Protection 1C PP/6-32 

UCC3954 Single Cell Lithium-Ion to +3.3V Converter PP/7-93 

UCC3956 Switch Mode Lithium-Ion Battery Charger Controller PP/3-253 

UCC3957-1 Three - Four Cell Lithium-Ion Protector Circuit PP/6-37 

UCC3957-2 Three - Four Cell Lithium-Ion Protector Circuit PP/6-37 

UCC3957-3 Three - Four Cell Lithium-Ion Protector Circuit PP/6-37 

UCC3957-4 Three - Four Cell Lithium-Ion Protector Circuit PP/6-37 

UCC3958-1 Single Cell Lithium-Ion Battery Protection 1C PP/6-44 

UCC3958-2 Single Cell Lithium-Ion Battery Protection 1C PP/6-44 

UCC3958-3 Single Cell Lithium-Ion Battery Protection 1C PP/6-44 

UCC3958-4 Single Cell Lithium-Ion Battery Protection 1C PP/6-44 

UCC3960 Primary-Side Startup Controller PS/3-442 

UCC3961 Advanced Primary-Side Startup Controller PS/3-450 

UC3965 Precision Reference with Low Offset Error Amplifier PS/7-60 

UCC3972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller PP/8-13 

UCC3981 Universal Serial Bus Hot Swap Power Controller IF/5-88 

UCC3981 1 Universal Serial Bus Hot Swap Power Controller IF/5-91 

UCC3985 Programmable CompactPCI Hot Swap Power Manager IF/5-94 

UCC3995 Simple Single Channel External N-FET Hot Swap Power Manager IF/5-98 

UCC3996 Dual Sequencing Hot Swap Power Manager IF/5-100 

bq4010/Y 8Kx8 Nonvolatile SRAM NV/5-3 

bq401 1/Y 32Kx8 Nonvolatile SRAM NV/5-13 

bq4013/Y 128Kx8 Nonvolatile SRAM NV/5-23 

bq4014/Y 256Kx8 Nonvolatile SRAM NV/5-33 

bq4015/Y 512Kx8 Nonvolatile SRAM NV/5-42 

bq4016/Y 1024Kx8 Nonvolatile SRAM NV/5-52 

bq4017/Y 2048Kx8 Nonvolatile SRAM NV/5-61 

bq4285 Real-Time Clock Module with NVRAM Control NV/4-123 

bq4285E/L Enhanced RTC Module with NVRAM Control NV/4-143 

bq4287 Real-Time Clock Module with NVRAM Control NV/4-168 

bq4310/Y 8Kx8 ZEROPOWER Nonvolatile SRAM NV/5-70 

bq431 1 Y/L 32Kx8 ZEROPOWER Nonvolatile SRAM NV/5-81 

bq4802 Y2K-Compliant Parallel RTC with CPU Supervisor NV/4-174 

bq4822Y RTC Module with 8Kx8 NVSRAM NV/4-1 76 

bq4823Y TIMEKEEPER Module with 8Kx8 NVSRAM NV/4-1 91 

bq4830Y RTC Module with 32Kx8 NVSRAM NV/4-205 

bq4832Y RTC Module with 32Kx8 NVSRAM NV/4-21 8 

bq4833Y TIMEKEEPER Module with 32Kx8 NVSRAM NV/4-233 

bq4842Y RTC Module with 128Kx8 NVSRAM NV/4-247 

bq4845/Y Parallel RTC Module with CPU Supervisor NV/4-262 

bq4847/Y RTC Module with CPU Supervisor NV/4-279 

bq4850Y RTC Module with 512Kx8 NVSRAM NV/4-282 

bq4852Y RTC Module with 51 2Kx8 NVSRAM NV/4-295 

UC494A/AC Advanced Regulating Pulse Width Modulators PS/3-460 

Part numbers are listed numerically, not by prefix (bq, DV, E V, UC, UCC). 

Products included in this book are listed in bold. 


1-17 


Numeric Master Part Index 


In 


Part No. Description Volume/Page 

UC495A/AC Advanced Regulating Pulse Width Modulators PS/3-460 

UC5170A Octal Line Driver IF/6-2 

UC5171 Octal Line Driver IF/6-6 

UC5172 Octal Line Driver IF/6-10 

UC5180C Octal Line Receiver IF/6-14 

UC5181C Octal Line Receiver IF/6-17 

UCC5341 IrDA 2.4kbps to 1 1 5.2kbps Receiver PP/9-2 

UCC5342 IrDA 2.4kbps to 1 1 5.2kbps Transceiver PP/9-6 

UCC5343 IrDA Transceiver with Encoder/Decoder PP/9-10 

UC5350 CAN Transceiver IF/6-20 

UC5351 CAN Transceiver with Voltage Regulator IF/6-26 

UCC5510 Low Voltage Differential (LVD/SE) SCSI 9 Line Terminator IF/3-5 

UC560 27-Line SCSI Source/Sink Regulator IF/4-3 

UC5601 SCSI Active Terminator IF/3-9 

UC5602 SCSI Active Terminator IF/3-13 

UC5603 9-Line SCSI Active Terminator IF/3-18 

UC5604 9-Line Low Capacitance SCSI Active Terminator IF/3-22 

UC5605 9-Line Low Capacitance SCSI Active Terminator IF/3-26 

UCC5606 9-Line 3-5 Volt SCSI Active Terminator, Reverse Disconnect IF/3-30 

UC5607 Plug and Play, 18-Line SCSI Active Terminator IF/3-34 

UC5608 18-Line Low Capacitance SCSI Active Terminator IF/3-40 

UC5609 18-Line Low Capacitance SCSI Active Terminator IF/3-40 

UCC561 Low Voltage Differential SCSI (LVD) 27 Line Regulator Set IF/4-7 

UC5612 9-Line Low Capacitance SCSI Active Terminator IF/3-43 

UC5613 9-Line Low Capacitance SCSI Active Terminator IF/3-47 

UCC5614 9-Line 3-5 Volt Low Capacitance SCSI Active Terminator IF/3-51 

UCC5617 18-Line SCSI Terminator With Reverse Disconnect IF/3-55 

UCC5618 18-Line SCSI Terminator IF/3-59 

UCC5619 27-Line SCSI Terminator With Reverse Disconnect IF/3-63 

UCC5620 27-Line SCSI Terminator IF/3-66 

UCC5621 27-Line SCSI Terminator With Split Reverse Disconnect IF/3-70 

UCC5622 27-Line SCSI Terminator With Split Disconnect IF/3-74 

UCC5628 Multimode SCSI 14 Line Terminator IF/3-78 

UCC563 32 Line VME Bus Bias Generator IF/4-10 

UCC5630 Low Voltage Differential (LVD/SE) SCSI 9 Line Terminator IF/3-83 

UCC5630A Multimode SCSI 9 Line Terminator IF/3-87 

UCC5632 Multimode (LVD/SE) SCSI 9 Line Terminator w/ 2.85V Regulator . IF/3-93 

UCC5638 Multimode SCSI 15 Line Terminator IF/3-94 

UCC5639 Miltimode SCSI 15 Line Terminator with Reverse Disconnect IF/3-99 

UCC5640 Low Voltage Differential (LVD) SCSI 9 Line Terminator IF/3-104 

UCC5641 Low Voltage Differential (LVD) SCSI 9 Line Terminator Reverse 

Disconnect IF/3-108 

UCC5646 27-Line SCSI Terminator IF/3-112 

UCC5647 27-Line SCSI Terminator IF/3-112 

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC). 

Products included in this book are listed in bold. 
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bq2000/T U-504 Using the bq2000/T to Control Fast Charge PP/3-262 

bq2003 U-505 Using the bq2003 to Control Fast Charge PP/3-273 

bq2003 U-506 Step-Down Switching Current Regulation Using the bq2003 Fast-Charge 

1C P P/3-291 

bq2005 U-507 Using the bq2005 to Control Fast Charge PP/3-309 

bq2007 U-508 Using the bq2007 Display Mode Options PP/3-327 

bq2007 U-509 Using the bq2007 Enhanced Features for Fast Charge PP/3-332 

bq2010 U-514 Using the bq2010: A Tutorial for Gas Gauging PP/4-390 

bq2031 U-510 Using the bq2031 to Charge Lead-Acid Batteries PP/3-346 

bq2031 U-51 1 Switch-Mode Power Conversion Using the bq2031 PP/3-360 

bq2040 U-51 3 Using the bq2040: Smart Battery System Gas Gauge 1C PP/4-372 

UC2577 DN-49 Easy Switcher Controls SEPIC Converter for Automotive Applications. . . . PP/3-487 

bq2902/3 U-51 2 Using the bq2902/3 Rechargeable Alkaline ICs PP/3-376 

bq3285/7E U-503 Using the bq3285/7E in a Green or Portable Environment NV/4-331 

bq3285/bq3287 DN-501 Using RAM Clear Function with bq3285/bq3287A RTCs NV/4-321 

UCC3305 DN-72 Lamp Ignitor Circuit PS/9-52 

UCC3305 U-161 Powering a 35W DC Metal Halide High Intensity Discharge (HID) Lamp 

using the UCC3305 HID Lamp Controller PS/9-61 

UC3525A/27A DN-36 UC1525B/1 527B Devices - Comparison Summary to UC1525A/1 527A 

Devices PS/3-470 

UCC3570 U-150 Applying the UCC3570 Voltage-Mode PWM Controller to Both Off-Line 

and DC/DC Converter Designs PS/3-696 

UCC35701 DN-62 Switching Power Supply Topology: Voltage Mode vs. Current Mode PS/3-496 

UC3573 DN-70 UC3573 Buck Regulator PWM Control 1C PS/3-508 

UC3578 U-167 UC3578 Telecom Buck Converter Evaluation Board PS/3-818 

UCC3583 DN-64 Inductorless Bias Supply for Synchronous Rectification and High Side 

Drive Applications PS/3-502 

UC3584 DN-83 UC3584 DW Secondary Side Post Regulator, Evaluation Board, 

Schematic, and List of Materials PS/3-51 1 

UC3625 DN-50 Simple Techniques for Isolating and Correcting Common Application 

Problems with UC3625 Brushless DC Motor Drives PS/8-1 1 1 

UC3625 U-1 15 New Integrated Circuit Produces Robust, Noise Immune System for 

Brushless DC Motors PS/8-155 

UC3625 U-1 30 Dedicated ICs Simplify Brushless DC Servo Amplifier Design PS/8-166 

UC3634 U-1 13 Design Notes on Precision Phase Locked Speed Control for DC Motors . . PS/8-145 

UC3637 DN-53A Design Considerations for Synchronizing Multiple UC3637 PWMs PS/8-115 

UC3637 U-1 02 UC 1637/2637/3637 Switched Mode Controller for DC Motor Drive PS/8-126 

UC3637 U-1 12 A High Precision PWM Transconductance Amplifier for Microstepping 

using Unitrode’s UC3637 PS/8-137 

UC3638 DN-76 Closed Loop Temperature Regulation Using the UC3638 H-Bridge 

Motor Controller and a Thermoelectric Cooler PS/8-118 

UC3638 U-1 20 A Simplified Approach to DC Motor Modeling for Dynamic Stability 

Analysis PS/8-162 

UC3708 DN-35 IGBT Drive Using MOSFET Gate Drivers PS/6-85 

UC3709 U-1 1 1 Practical Considerations in Current Mode Power Supplies PS/3-558 

UC3709 U-1 18 New Driver ICs Optimize High Speed Power MOSFET Switching 

Characterisitics PS/6-92 

UC3709 U-1 37 Practical Considerations in High Performance MOSFET, IGBT & MCT 

Gate Drive Circuits PS/6-122 

UC3717 U-99 UC3717 and L-C Filter Reduce EMI and Chopping Losses in Step Motor . . PS/8-118 

Part numbers are listed numerically, not by prefix (bq, DV, E V, UC, UCC). 

Publications included in this book are listed in bold. 
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UC3725 U-1 27 Unique Chip Pair Simplifies High Side Switch Drive PS/6-107 

UC3726 DN-57 Power Dissipation Considerations for the UC3726N/UC3727N IGBT 

Driver Pair PS/6-87 

UC3726 DN-60 UC3726/UC3727 IGBT Driver Pair Evaluation Kit Testing Procedure PS/6-90 

UC3727 U-143C New Chip Pair Provides Isolated Drive for High Voltage IGBTs PS/6-137 

UCC3750 DN-79 UCC3750 Demonstration Board Operating Guidelines PS/9-55 

UCC3750 U-169 The New UCC3750 Source Ringer Controller Provides A Complete 

Control Solution for a Four-Quadrant Flyback Converter PS/9-76 

UCC3800/1-/5 DN-42A Design Considerations for Transitioning from UC3842 to the New 

UCC3802 Family PS/3-476 

UCC3800/1-/5 DN-43 Simple Techniques to Generate a Negative Voltage Bias Supply from 

a Positive Input Voltage PS/3-479 

UCC3800/1-/5 DN-56A Single Switch Flyback Circuit Converts +5VDC to +/-12VDC for 

RS-232 and RS-422 Applications PS/3-492 

UCC3800/1-/5 U-133A UCC3800/1/2/3/4/5 BiCMOS Current Mode Control ICs PS/3-594 

UCC3806 DN-45 UC3846, UC3856 and UCC3806 Push-Pull PWM Current Mode 

Control ICs PS/3-480 

UCC3806 DN-51 Programming the UCC3806 Features PS/3-489 

UCC3806 U-144 UCC3806 BiCMOS Current Mode Control IC PS/3-678 

UCC3807 DN-48 Versatile Low Power SEPIC Converter Accepts Wide Input Voltage Range PS/3-484 

UCC3809-1,-2 DN-65 Considerations in Powering BiCMOS ICs PS/3-505 

UCC3809-1,-2 U-168 Implementing an Off-Line Lithium-Ion Charger Using the UCC3809 

Primary Side Controller and the UCC3956 Battery Charger Controller PS/3-455 

UCC3813 DN-46 Highly Efficient Low Power DC to DC Inverter Converts +5V Input to -3V 

Output PS/3-482 

UCC3813 DN-48 Versatile Low Power SEPIC Converter Accepts Wide Input Voltage Range PS/3-484 

UCC3813 DN-54 Innovative Buck Regulator Uses High Side N-Channel Switch without 

Complex Gate Drive PS/3-492 

UCC3813 U-97 Modeling, Analysis and Compensation of the Current Mode Converter .... PS/3-526 

UC3823A,B/ U-128 The UC3823A,B & UC3825A,B Enhanced Generation of 

UC3825A,B PWM Controllers PS/3-585 

UC3825 U-1 10 1 .5MHz Current Mode IC Controlled 50W Power Supply PS/3-546 

UCC3831 DN-85 UCC3831 USB Power Controller IC, Evaluation Board - Schematic and 

List of Materials IF/5-106 

UC3832/3 DN-32 Optocoupler Feedback Drive Techniques PS/5-41 

UC3832/3 DN-61 A High Performance Linear Regulator for Low Dropout Applications PS/5-42 

UC3832/3 U-1 52 A High Performance Linear Regulator for Low Dropout Applications PS/5-71 

UC3834 U-95 Versatile UC1834 Optimizes Linear Regulator Efficiency PS/5-49 

UC3841 DN-28 UC3840/UC3841/UC3851 PWM Controllers - Summary of Functional 

Differences PS/3-467 

UC3842/3/4/5 DN-27 UC1842/UC1842A Summary of Functional Differences PS/3-466 

UC3842/3/4/5 DN-40 The Effects of Oscillator Discharge Current Variations on Maximum Duty 

Cycle and Frequency in UC3842 and UC3842A PWM ICs PS/3-473 

UC3842/3/4/5 DN-89 Comparing the UC3842, UCC3802, and UCC3809 Primary-Side PWM 

Controllers PS/3-514 

UC3842/3/4/5 U-100A UC3842/3/4/5 Provides Low-Cost Current-Mode Control PS/3-532 

UC3842A/3A/4A/5A DN-26 UC3842A - Low Cost Startup and Fault Protection Circuit PS/3-464 

UC3842A/3A/4A/5A DN-29 UC3842A Family Frequency Foldback Technique Provides Protection .... PS/3-468 

UC3842A/3A/4A/5A DN-30 Programmable Electronic Circuit Breaker PS/3-469 

UC3846/7 U-93 A New Integrated Circuit for Current Mode Control PS/3-518 
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UC3848 U-135 The UC3848 Average Current Mode Controller Squeezes Maximum 

Performance from Single Switch Converters PS/3-612 

UC3849 U-140 Average Current Mode Control of Switching Power Supplies PS/3-664 

UC3852 U-132 Power Factor Correction Using the UC3852 Controlled ON-Time Zero 

Current Switching Technique PS/4-98 

UC3853 DN-77 Overcurrent Shutdown with the UC3853 PS/4-91 

UC3853 DN-78 High Power Factor Preregulator 1C, Evaluation Board, Schematic and 

List of Materials PS/4-92 

UC3853 U-159 Boost Power Factor Corrector Design with the UC3853 PS/4-154 

UC3854 DN-41 Extend Current Transformer Range PS/4-81 

UC3854 U-134 UC3854 Controlled Power Factor Correction Circuit Design PS/4-114 

UC3854A/B DN-44 UC3854A and UC3854B Advanced Power Factor Correction Control ICs . . PS/4-83 

UC3854A/B DN-66 Unitrode - UC3854A/B and UC3855A/B Provide Power Limiting with 

Sinusoidal Input Current for PFC Front Ends PS/4-86 

UC3855A/B U-153 UC3855A/B High Performance Power Factor Preregulator PS/4-134 

UC3856 DN-45 UC3846, UC3856 and UCC3806 Push-Pull PWM Current Mode 

Control ICs PS/3-480 

UCC3857 DN-39E Optimizing Performance in UC3854 Power Factor Correction 

Applications PS/4-76 

UCC3858 DN-90 UCC3858 “Energy Star” PFC Evaluation Board, Schematic and List of 

Materials PS/4-94 

UC3861-8 U-122 A New Family of Integrated Circuits Controls Resonant Mode Power 

Converters PS/3-576 

UC3861-8 U-138 Zero Voltage Switching Resonant Power Conversion PS/3-637 

UC3871 U-141 Resonant Fluorescent Lamp Converter Provides Efficient and Compact 

Solution PP/8-27 

UC3871 U-148 Dimmable Cold-Cathode Fluorescent Lamp Ballast Design Using the 

UC3871 P P/8-35 

UC3872 DN-75 Using the UC3871 and UC3872 Resonant Fluorescent Lamp Drivers in 

Floating Lamp Applications PP/8-50 

UC3875/6/7/8 DN-63 The Current-Doubler Rectifier: An Alternative Rectification Technique for 

Push-Pull and Bridge Converters PS/3-499 

UC3875/6/7/8 U-136A Phase Shifted, Zero Voltage Transition Design Considerations and 

the UC3875 PWM Controller PS/3-623 

UC3879 U-154 The New UC3879 Phase Shifted PWM Controller Simplifies the Design 

of Zero Voltage Transition Full-Bridge Converters PS/3-709 

UCC3884 U-164 The UCC3884 Frequency Foldback Pulse Width Modulator PS/3-783 

UC3886 U-156 The UC3886 PWM Controller Uses Average Current Mode Control to 

Meet the Transient Regulation Performance of High End Processors PS/3-717 

UC3886 U-157 Fueling the Megaprocessor - A DC/DC Converter Design Review 

Featuring the UC3886 and UC3910 PS/3-741 

UCC3888 DN-59A UCC3889 Bias Supply Controller Evaluation Kit - Schematic and 

Lists of Materials PS/3-494 

UCC3888 U-149A Simple Off-Line Bias Supply for Very Low Power Applications PS/3-685 

UC3901 DN-19 A Simple Isolation Amplifier using the UC1901 PS/7-64 

UC3901 U-94 The UC1901 Simplifies the Problem of Isolated Feedback in Switching 

Regulators PS/7-72 

UC3902 U-163 The UC3902 Load Share Controller and Its Performance in Distributed 

Power Systems PS/7-100 

UC3903 DN-33 Optocoupler Feedback Drive Techniques Using the UC3901 and UC3903 . PS/7-65 
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UC3906 U-104 Improved Charging Methods for Lead-Acid Batteries using the UC3906. . . PP/3-388 

UC3906 U-131 Simple Switchmode Lead-Acid Battery Charger PP/3-417 

UC3907 U-129 UC3907 Load Share 1C Simplifies Parallels Power Supply Design PS/7-84 

UC3909 U-155 Implementing Multi-State Charge Algorithm with the UC3909 

Switchmode Lead-Acid Battery Charger Controller PP/3-426 

UC3909 U-166 An Off-Line Lead-Acid Charger Based on the UC3909 PP/3-399 

UC3910 U-158 The UC3910 Combines Programmability, Accuracy and Integrated 

Functions to Control and Monitor High End Processor Power Supplies PS/3-771 

UCC3911 DN-81 UCC3911 Demo Board Information PP/6-51 

UCC3912 DN-58 UCC3912 Programmable Electronic Circuit Breaker - Performance 

Evaluation and Programming Information IF/5-102 

UCC3912 DN-68 Parelling UCC3912 Electronic Circuit Breaker Ics IF/5-106 

UCC3912 U-151 UCC3912 Integrated Hot Swap Power Managerr 1C for Hot-Swap and 

Power Management Applications IF/5-124 

UCC3913 DN-67 UCC3913 Electronic Circuit Breaker for Negative Voltage Applications 

Evaluation Kit List of Materials for a -48V/1 A Test Circuit IF/5-105 

UCC3917 DN-98 UCC3917 Positive Floating Hot Swap Power Manager Evaluation Kit, 

Schematic and Bill of Materials IF/5-120 

UCC3918 DN-87 UCC3918 Low On-Resistance Hot Swap Power Manager Performance 

Evaluation Kit , Schematic and List of Materials IF/5-113 

UCC3919 DN-95 UCC3919 Hot Swap Power Manager Evaluation Circuit Board and 

Bill of Materials IF/5-116 

UCC3926 DN-91 UCC3926DS ± 20A Integrated Current Sensor Evaluation Board - 

Schematic and List of Materials PS/9-58 

UCC3941 1/2/3 DN-97 UCC3941 1 Low Power Synchronous Boost Converter Evaluation Kit, 

Schematic and Bill of Materials PP/7-106 

UCC3941 -3/5/AD J DN-73 UCC3941 One Volt Boost Converter Demonstration Kit - Schematic 

and List of Materials PP/7-101 

UC39432 DN-52 Adjustable Electronic Load for Low Voltage DC Applications PS/7-76 

UCC3952 DN-96 UCC3952 Evaluation Board and List of Materials PP/6-61 

UCC3954 DN-86 UCC3954 Single Cell Lithium-Ion to +3.3V Converter Performance 

Evaluation Kit - Schematic and List of Materials PP/7-103 

UCC3956 DN-84 UCC3956 Switch Mode Lithium-Ion Battery Charger Controller 

Evaluation Board, Schematic and List of Materials PP/3-413 

UCC3957 DN-93 UCC3957, Three - Four Cell Lithium-Ion Protector Circuit, Evaluation 

Board and List of Materials PP/6-57 

UCC3958 DN-82 UCC3958 Demonstration Board Schematic and Bill of Materials PP/6-55 

UCC3961 DN-99 Pulse Edge Transmission (PET) circuit PS/8-102 

UC3965 U-165 Design Review: Isolated 50W Flyback with the UCC3809 Primary 

Side Controller and the UC3965 Precision Reference and Error Amplifier PS/3-800 

bq4845 U-500 Using the bq4845 for a Low-Cost RTC/NVSRAM Subsystem NV/4-310 

UC494/5A&C DN-38 Unique Converter for Low Power Bias Supplies PS/3-471 

UCC5342 DN-88 UCC5342 IrDA 1 15.2kbps Transceiver Performance Evaluation 

Board - Schematic and List of Materials PP/9-15 

UCC5343 DN-94 UCC5343, IrDA Transceiver with Encoder/Decoder, Evaluation 

Board and List of Materials PP/9-19 

UCC5630 DN-92 UCC5630 SCSI Multimode (LVD/SE) Evaluation Board and List of 

Materials IF/3-122 

General DN-502 High-Side Current Sensing with Benchmarq Portable Power 

Fast-Charge Control 1C PP/3-307 
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DN-41 

DN-42A 
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DN-45 

DN-45 

DN-46 
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DN-52 

DN-53A 

DN-54 

DN-56A 

DN-57 

DN-58 

DN-59A 

DN-60 

DN-61 

DN-62 

DN-63 


A Simple Isolation Amplifier using the UC1901 

UC3842A - Low Cost Startup and Fault Protection Circuit 

UC1 842/UC1 842A Summary of Functional Differences 

UC3840/UC3841/UC3851 PWM Controllers - Summary of Functional 

Differences 

UC3842A Family Frequency Foldback Technique Provides Protection. . . . 

Programmable Electronic Circuit Breaker 

Optocoupler Feedback Drive Techniques 

Optocoupler Feedback Drive Techniques Using the UC3901 and UC3903 

IGBT Drive Using MOSFET Gate Drivers 

UC1525B/1 527B Devices - Comparison Summary to UC1525A/1527A 

Devices 

Unique Converter for Low Power Bias Supplies 

Optimizing Performance in UC3854 Power Factor Correction Applications 
The Effects of Oscillator Discharge Current Variations on Maximum Duty 

Cycle and Frequency in UC3842 and UC3842A PWM ICs 

Extend Current Transformer Range 

Design Considerations for Transitioning from UC3842 to the New 

UCC3802 Family 

Simple Techniques to Generate a Negative Voltage Bias Supply from a 

Positive Input Voltage 

UC3854A and UC3854B Advanced Power Factor Correction Control ICs . 
UC3846, UC3856 and UCC3806 Push-Pull PWM Current Mode Control 

ICs 

UC3846, UC3856 and UCC3806 Push-Pull PWM Current Mode 
Control ICs 


UC3901 PS/7-64 

UC3842A/3A/4A/5A PS/3-464 
UC3842/3/4/5 PS/3-466 

UC3841 PS/3-467 

UC3842A/3A/4A/5A PS/3-468 
UC3842A/3A/4A/5A PS/3-469 

UC3832/3 PS/5-41 

UC3903 PS/7-65 

UC3708 PS/6-85 

UC3525A/27A .... PS/3-470 

UC494/5A&C PS/3-471 

UCC3857 PS/4-76 

UC3842/3/4/5 PS/3-473 

UC3854 PS/4-81 

UCC3800/1/2/3/4/5 PS/3-476 

UCC3800/1/2/3/4/5 PS/3-479 
UC3854A/B PS/4-83 

UCC3806 PS/3-480 

UC3856 PS/3-480 


Highly Efficient Low Power DC to DC Inverter Converts +5V Input to -3V 

Output UCC3813 PS/3-482 

Versatile Low Power SEPIC Converter Accepts Wide Input Voltage 

Range UCC3813 PS/3-484 

Easy Switcher Controls SEPIC Converter for Automotive Applications. . . . UC2577 PS/3-487 

Simple Techniques for Isolating and Correcting Common Application 

Problems with UC3625 Brushless DC Motor Drives UC3625 PS/8-111 

Programming the UCC3806 Features UCC3806 PS/3-489 

Adjustable Electronic Load for Low Voltage DC Applications UC39432 PS/7-76 

Design Considerations for Synchronizing Multiple UC3637 PWMs UC3637 PS/8-115 

Innovative Buck Regulator Uses High Side N-Channel Switch without 

Complex Gate Drive UCC3813 PS/3-492 

Single Switch Flyback Circuit Converts +5VDC to +/-12VDC for RS-232 

and RS-422 Applications UCC3800/1/2/3/4/5 PS/3-492 

Power Dissipation Considerations for the UC3726N/UC3727N IGBT 

Driver Pair UC3726 PS/6-87 


UCC3912 Programmable Electronic Circuit Breaker - Performance 

Evaluation and Programming Information UCC3912. . . . 

UCC3889 Bias Supply Controller Evaluation Kit - Schematic and List of 

Materials UCC3888 

UC3726/UC3727 IGBT Driver Pair Evaluation Kit Testing Procedure UC3726 

A High Performance Linear Regulator for Low Dropout Applications UC3832/3. . . . 

Switching Power Supply Topology: Voltage Mode vs. Current Mode UCC35701 . . . 

The Current-Doubler Rectifier: An Alternative Rectification Technique for 

Push-Pull and Bridge Converters UC3875/6/7/8, 
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DN-64 

Inductorless Bias Supply for Synchronous Rectification and High Side 
Drive Applications 

UCC3583 

. . . . PS/3-502 

DN-65 

Considerations in Powering BiCMOS ICs 

UCC3809-1 ,-2 

. . . . PS/3-505 

DN-66 

Unitrode - UC3854A/B and UC3855A/B Provide Power Limiting with 
Sinusoidal Input Current for PFC Front Ends 

UC3854A/B . . 

. . . . PS/4-86 

DN-67 

UCC3913 Electronic Circuit Breaker for Negative Voltage Applications 
Evaluation Kit List of Materials for a -48V/1 A Test Circuit 

UCC3913. . . . 

IF/5-105 

DN-68 

Parelling UCC3912 Electronic Circuit Breaker ICs 

UCC3912 

IF/5-106 

DN-70 

UC3573 Buck Regulator PWM Control 1C 

UC3573 

. . . . PS/3-508 

DN-72 

Lamp Ignitor Circuit 

UCC3305 

PS/9-52 

DN-73 

UCC3941 One Volt Boost Converter Demonstration Kit - Schematic and 
List of Materials 

UCC3941-3/5/ADJ . PP/7-101 

DN-75 

Using the UC3871 and UC3872 Resonant Fluorescent Lamp Drivers in 
Floating Lamp Applications 

UC3872 

. . . . P P/8-50 

DN-76 

Closed Loop Temperature Regulation Using the UC3638 H-Bridge Motor 
Controller and a Thermoelectric Cooler 

UC3638 

PS/8-118 

DN-77 

Overcurrent Shutdown with the UC3853 

UC3853 

. . . . PS/4-91 

DN-78 

High Power Factor Preregulator 1C, Evaluation Board, Schematic and 

List of Materials 

UC3853 

. . . . PS/4-92 

DN-79 

UCC3750 Demonstration Board Operating Guidelines 

UCC3750 

PS/9-55 

DN-81 

UCC3911 Demo Board Information 

UCC391 1 

P P/6-51 

DN-82 

UCC3958 Demonstration Board Schematic and Bill of Materials 

UCC3958 

. . . . P P/6-55 

DN-83 

UC3584 DW Secondary Side Post Regulator, Evaluation Board, 
Schematic, and List of Materials 

UC3584 

PS/3-51 1 

DN-84 

UCC3956 Switch Mode Lithium-Ion Battery Charger Controller 

Evaluation Board, Schematic and List of Materials 

UCC3956 

. . . . P P/3-41 3 

DN-85 

UCC3831 USB Power Controller 1C, Evaluation Board - Schematic and 
List of Materials 

UCC3831 

. . . . IF/5-106 

DN-86 

UCC3954 Single Cell Lithium-Ion to +3.3V Converter Performance 
Evaluation Kit - Schematic and List of Materials 

UCC3954 

. . . . P P/7-1 03 

DN-87 

UCC3918 Low On-Resistance Hot Swap Power Manager Performance 
Evaluation Kit , Schematic and List of Materials 

UCC3918 

. . . . IF/5-113 

DN-88 

UCC5342 IrDA 1 15.2kbps Tranceiver Performance Evaluation Board - 
Schematic and List of Materials 

UCC5342 

. . . . P P/9-1 5 

DN-89 

Comparing the UC3842, UCC3802, and UCC3809 Primary-Side PWM 
Controllers 

UC3842/3/4/5. 

. . . . PS/3-514 

DN-90 

UCC3858 “Energy Star” PFC Evaluation Board, Schematic and List of 
Materials 

UCC3858 .... 

PS/4-94 

DN-91 

UCC3926DS ±20A Integrated Current Sensor Evaluation Board - 
Schematic and List of Materials 

UCC3926 

PS/9-58 

DN-92 

UCC5630 SCSI Multimode (LVD/SE) Evaluation Board and List of 
Materials 

UCC5630 .... 

. . . . IF/3-122 

DN-93 

UCC3957, Three - Four Cell Lithium-Ion Protector Circuit, Evaluation 
Board and List of Materials 

UCC3957 .... 

PP/6-57 

DN-94 

UCC5343, IrDA Transceiver with Encoder/Decoder, Evaluation Board and 
List of Materials 

UCC5343 . . . . 

. . . . PP/9-19 

DN-95 

UCC3919 Hot Swap Power Manager Evaluation Circuit Board and Bill of 
Materials 

UCC3919 . . . . 

. . . . IF/5-116 

DN-96 

UCC3952 Evaluation Board and List of Materials 

UCC3952 

P P/6-61 
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DN-97 UCC3941 1 Low Power Synchronous Boost Converter Evaluation Kit, 

Schematic and Bill of Materials UCC3941 1/2/3 . . . 

DN-98 UCC3917 Positive Floating Hot Swap Power Manager Evaluation Kit, 

Schematic and Bill of Materials UCC3917 

DN-99 Pulse Edge Transmission (PET) circuit UCC3961 

DN-501 Using RAM Clear Function with bq3285/bq3287A RTCs bq3285/bq3287 . . 

DN-502 High-Side Current Sensing with Benchmarq Portable Power Fast-Charge 

Control 1C 

U-100A UC3842/3/4/5 Provides Low-Cost Current-Mode Control UC3842/3/4/5 

U-1 02 UC 1637/2637/3637 Switched Mode Controller for DC Motor Drive UC3637 

U-104 Improved Charging Methods for Lead-Acid Batteries using the UC3906 . . UC3906 

U-110 1.5MHz Current Mode 1C Controlled 50W Power Supply UC3825 

U-1 1 1 Practical Considerations in Current Mode Power Supplies UC3709 

U-1 12 A High Precision PWM Transconductance Amplifier for Microstepping 

using Unitrode’s UC3637 UC3637 

U-1 13 Design Notes on Precision Phase Locked Speed Control for DC Motors . . UC3634 

U-1 15 New Integrated Circuit Produces Robust, Noise Immune System for 

Brushless DC Motors UC3625 

U-1 18 New Driver ICs Optimize High Speed Power MOSFET Switching 

Characterisitics UC3709 

U-1 20 A Simplified Approach to DC Motor Modeling for Dynamic Stability 

Analysis UC3638 

U-1 22 A New Family of Integrated Circuits Controls Resonant Mode Power 

Converters UC3861-8 

U-1 27 Unique Chip Pair Simplifies High Side Switch Drive UC3725 

U-1 28 The UC3823A,B & UC3825A,B Enhanced Generation of PWM 

Controllers UC3823/5A/B/3 . . . 

U-1 29 UC3907 Load Share 1C Simplifies Parallels Power Supply Design UC3907 

U-1 30 Dedicated ICs Simplify Brushless DC Servo Amplifier Design UC3625 

U-1 31 Simple Switchmode Lead-Acid Battery Charger UC3906 

U-1 32 Power Factor Correction Using the UC3852 Controlled ON-Time Zero 

Current Switching Technique UC3852 

U-133A UCC3800/1/2/3/4/5 BiCMOS Current Mode Control ICs UCC3800/1/2/3/4/5 

U-1 34 UC3854 Controlled Power Factor Correction Circuit Design UC3854 

U-1 35 The UC3848 Average Current Mode Controller Squeezes Maximum 

Performance from Single Switch Converters UC3848 

U-136A Phase Shifted, Zero Voltage Transition Design Considerations and the 

UC3875 PWM Controller UC3875/6/7/8 

U-1 37 Practical Considerations in High Performance MOSFET, IGBT & MCT 

Gate Drive Circuits UC3709 

U-1 38 Zero Voltage Switching Resonant Power Conversion UC3861-8 

U-1 40 Average Current Mode Control of Switching Power Supplies UC3849 

U-1 41 Resonant Fluorescent Lamp Converter Provides Efficient and Compact 

Solution . . UC3871 

U-143C New Chip Pair Provides Isolated Drive for High Voltage IGBTs UC3727 

U-1 44 UCC3806 BiCMOS Current Mode Control 1C UCC3806 

U-1 48 Dimmable Cold-Cathode Fluorescent Lamp Ballast Design Using the 

UC3871 UC3871 

U-149A Simple Off-Line Bias Supply for Very Low Power Applications UCC3888 
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Applying the UCC3570 Voltage-Mode PWM Controller to Both Off-Line 

and DC/DC Converter Designs UCC3570 PS/3-696 

UCC3912 Integrated Hot Swap Power Manager™ IC for Hot-Swap and 

Power Management Applications UCC3912 IF/5-124 

A High Performance Linear Regulator for Low Dropout Applications UC3832/3 PS/5-71 

UC3855A/B High Performance Power Factor Preregulator UC3855A/B PS/4-134 

The New UC3879 Phase Shifted PWM Controller Simplifies the Design 

of Zero Voltage Transition Full-Bridge Converters UC3879 PS/3-709 

Implementing Multi-State Charge Algorithm with the UC3909 

Switchmode Lead-Acid Battery Charger Controller UC3909 PP/3-426 

The UC3886 PWM Controller Uses Average Current Mode Control to 

Meet the Transient Regulation Performance of High End Processors UC3886 PS/3-717 

Fueling the Megaprocessor - A DC/DC Converter Design Review 

Featuring the UC3886 and UC3910 UC3886 PS/3-741 

The UC3910 Combines Programmability, Accuracy and Integrated 

Functions to Control and Monitor High End Processor Power Supplies . . . UC3910 PS/3-771 

Boost Power Factor Corrector Design with the UC3853 UC3853 PS/4-1 54 

Powering a 35W DC Metal Halide High Intensity Discharge (HID) 

Lamp using the UCC3305 HID Lamp Controller UCC3305 PS/9-61 

The UC3902 Load Share Controller and Its Performance in Distributed 

Power Systems UC3902 PS/7-100 

The UCC3884 Frequency Foldback Pulse Width Modulator UCC3884 PS/3-783 

Design Review: Isolated 50W Flyback with the UCC3809 Primary Side 

Controller and the UC3965 Precision Reference and Error Amplifier UC3965 PS/3-800 

An Off-Line Lead-Acid Charger Based on the UC3909 UC3909 PP/3-399 

UC3578 Telecom Buck Converter Evaluation Board UC3578 PS/3-818 


Implementing an Off-Line Lithium-Ion Charger Using the UCC3809 

Primary Side Controller and the UCC3956 Battery Charger Controller . . . UCC3809-1 ,-2 . . . . PS/3-455 
The New UCC3750 Source Ringer Controller Provides A Complete 


Control Solution for a Four-Quadrant Fluback Converter UCC3750 . 

Using the bq4845 for a Low-Cost RTC/NVSRAM Subsystem bq4845. . . 

Time-Base Oscillator for RTC ICs 

Using the bq3285/7E in a Green or Portable Environment bq3285/7E 

Using the bq2000/T to Control Fast Charge bq2000/T . 

Using the bq2003 to Control Fast Charge bq2003. . . 

Step-Down Switching Current Regulation Using the bq2003 

Fast-Charge IC bq2003. . . 

Using the bq2005 to Control Fast Charge bq2005. . . 

Using the bq2007 Display Mode Options bq2007. . . 

Using the bq2007 Enhanced Features for Fast Charge bq2007. . . 

Using the bq2031 to Charge Lead-Acid Batteries bq2031 . . . 

Switch-Mode Power Conversion Using the bq2031 bq2031 . . . 

Using the bq2902/3 Rechargeable Alkaline ICs bq2902/3 . 

Using the bq2040: Smart Battery System Gas Gauge IC bq2040. . . 

Using the bq2010: A Tutorial for Gas Gauging bq2010. . . 

A New Integrated Circuit for Current Mode Control UC3846/7. 

The UC1901 Simplifies the Problem of Isolated Feedback in Switching 

Regulators UC3901 . . 

Versatile UC1834 Optimizes Linear Regulator Efficiency UC3834 . . 

Modeling, Analysis and Compensation of the Current Mode Converter . . . UCC3813. 


UC3717 and L-C Filter Reduce EMI and Chopping Losses in Step Motor . UC3717 


PS/9-76 

NV/4-310 

NV/4-322 

NV/4-331 

P P/3-262 
PP/3-273 

PP/3-291 
P P/3-309 
P P/3-327 
P P/3-332 
P P/3-346 
P P/3-360 
P P/3-376 
PP/4-372 
P P/4-390 
PS/3-518 

PS/7-72 

PS/5-49 

PS/3-526 

PS/8-118 


Publications included in this book are listed in bold. 
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INTERFACE (IF) 


Hot Swap Power Managers 

Discrete Electronic Hot Swap Power Manager Design DN-30 

Hot Swap Protection U-151 

Integrated Hot Swap Power Manager U-151 

Paralleling Multiple UCC3912S DN-68 

UCC3912 Programming and Demo Kit DN-58 

UCC3913/21 Negative Floating Hot Swap Power Manager Evaluation Kit, 

Schematic and List of Materials DN-67 

UCC3917 Positive Floating Hot Swap Power Manager Evaluation Kit, 

Schematic and Bill of Materials DN-98 

UCC3918 Low On-Resistance Hot Swap Power Manager Demo Board DN-87 


UCC3919 Hot Swap Power Manager Evaluation Circuit and List of Materials . . DN-95 


SCSI 

UCC5630 SCSI Multimode (L.VD/SE) Evaluation Board and List of Materials. . . DN-92 


NONVOLATILE SRAMs AND REAL-TIME CLOCKS (NV) 


Real-Time Clocks 

Low-Cost RTC/NVSRAM Subsystem U-500 

Typical PC Hookups for Real-Time Clocks U-501 

Time-Base Oscillator for Real-Time Clock ICs U-502 

Real-Time Clocks in a Green Environment U-503 

Using the RAM Clear Function DN-501 


PORTABLE POWER (PP) 


Battery Charging 

Battery Charger Basics U-155 

Current Sense Considerations U-155 

Lead Acid Battery Charger U-104, U-131, U510 

Lead Acid Charging Algorithms U-131 

Switchmode Lead-Acid Battery Charger U-131, U-155 

Off-Line Lead Acid Battery Charger U-166 

Off-Line Lithium Ion Battery Charger DN-84, U-168 

High-Side Current Sensing with Fast-Charge ICs DN-502 

NiMH and NiCd Switch-Mode Battery Charger U-506 

NiMH and NiCd Battery Charger with AT/At and -AV Termination U-505, U-507 

Fast-Charge 1C with LCD and LED and Other Advanced Features U-508, U-509 

Fast-Charge 1C for Switch-Mode Power Conversion U-51 1 


Publications included in this book are listed in bold. 
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Rechargeable Alkaline Battery Charger U-512 

Multi-Chemistry Battery Charger U-504 

Battery Capacity Monitoring 

Smart Battery System Gas Gauge U-513 

Tutorial for Gas Gauging U-514 

Cold Cathode Fluorescent Lamp Driver (CCFL) 

ZVS Resonant Converter Drive U-141 

CCFL and LCD Bias Circuit U-148 

Floating Lamp Driver DN-75 

Lighting Circuits 

CCFL and LCD Bias Circuit U-148 

Reference Designs 

CCFL Drives 

ZVS Converters U-141, U-148 

Battery Protection 

2-Cell Lithium Ion Battery Protection DN-81 

Single Cell Lithium Ion Battery Protection DN-82 

3 or 4 Cell Lithium Ion Battery Protection DN-93 

Enhanced Single Cell Lithium Ion Battery Protection DN-96 

Battery Charging 

Lead Acid Battery Charger U-131 

Off-Line Lead Acid Battery Charger U-166 

Off-Line Lithium Ion Battery Charger DN-84, U-168 

POWER SUPPLY CONTROL (PS) 

Bias Supplies 

Buck-Boost Supply DN-38 

High Efficiency Startup / Bootstrap Circuits U-1 1 1 (fig. 38, 39) 

Inductorless Bias Supply DN-64 

Negative Bias Supply DN-43 

Novel Regulated Bias Supply for PFC Applications DN-39E (fig. 5) 

Self-Generating High Side Gate Bias Supply DN-54 

Simple Off-Line Bias Supply DN-65, U-149A 

UCC3889 Demo Kit DN-59A 

Bootstrap Circuits 

High Efficiency Startup / Bootstrap Circuits U-1 1 1 (figs. 38, 39) 

Startup / Bootstrapping U-1 28, U-133A 

Publications included in this book are listed in bold. 
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Charge Pumps 

Inverting Charge Pump U-100A 

Non-Inverting Charge Pump U-100A 

Simple Inverting and Non-Inverting Circuits U-133A (fig. 26) 

Class-D Amplifiers 

Class-D Amplifier for Thermoelectric Devices DN-76 

Control Techniques 

Current / Voltage Mode Tradeoffs DN-62 

Average Current Mode 

Average Current Control U-1 31, U-135, U-140, U-156, U-157, U-159 

Average Current Sensing U-140, DN-41 

Peak Current Mode 

BiMOS Controller Advantages DN-42A 

Comparison of Economy Primary Side Controllers DN-89 

Frequency Foldback DN-29, U-164 

Low Power Controller U-144 

Peak Current Mode Control . . . U-93, U-100A, U-133A, U-144, U-164, U-165, U-170 

Practical Considerations U-111, U133A 

Programming the UCC3806 DN-51 

Slope Compensation U-97, U-1 10, U-1 1 1 

Soft Start U-1 33 

Using Current Mode ICs in Voltage Mode Applications U-111 

Voltage Mode 

Primary Side Controller U-1 50, U-1 67 

Voltage Feedforward U-1 50 

Using Current Mode ICs in Voltage Mode Applications U-111 

Current Sensing 

Average Current Sensing U-135, U-140, U-156, U-157 

Current Sense Amplifiers U-156, U-157 

Using PCB Traces to Sense Current DN-71 

UCC3926 +/- 20 Amp Integrated Circuit for Current Sensing DN-91 

Distributed Power 

Load Sharing U-1 29, U-1 63 

Electronic Loads 

Adjustable Load for Low Voltage DC Applications DN-52 

Feedback Techniques 

Average Current Sensing U-135, U-140 

Optocoupler Feedback DN-32, DN-33, U-1 60, U-165 

Transformer Isolation U-94, DN-41 


Publications included in this book are listed in bold. 
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Frequency Foldback 

Simple Frequency Foldback Circuit DN-29 

UCC3884 Frequency Foldback PWM U-164 

Gate Drives 

Gate Drive Considerations U-137 

Gate Drive Pulse Transformer Design U-127 

General Gate Drive Information U-1 1 1 

Integrated Drivers U-143C, DN-35 

UC3726 / UC3727 Demo Kit Testing DN-60 

UC3726 / UC3727 Power Considerations DN-57 

Isolation Amplifier 

Discrete Iso-Amp Design DN-19 

Leading Edge Blanking 

Current Sense Noise U-1 28 

LEB Implementation U-1 28, U-133A 

Lighting Circuits 

Driving Floating Fluorescent Lamps DN-75 

HID Lamp Controller U-1 61 

Lamp Ignitor Circuits DN-72 

ZVS Resonant Converter Drive U-1 41 

Linear Voltage Regulators 

External Power Device Configurations U-95, U-1 04 

Linear Regulator Controllers U-95, U-1 16, U-1 52 

Loadsharing U-1 29 

Microprocessor Regulator Design U-1 52, DN-61 

Multiple LDO Regulator Demo Kit DN-74 

Small Signal Analysis U-95, U-1 52 

Load Sharing 

Application Circuits U-1 29, U-1 63 

Load Sharing Control Techniques U-1 29, U-1 63 

Startup Considerations U-1 29 

Magnetics Design 

1 .5MHz Forward Converter Main Transformer U-1 10 

225KHz Off-Line Transformer U-1 50 

Gate Drive Pulse Transformer Design U-127 

SEPIC Converter Inductor Design U-1 61 


Publications included in this book are listed in bold. 
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Microprocessor Voltage Regulators 

Linear Regulators 

High Performance LDO Controller U-152, DN-61 

Switching Regulators 

4Bit DAC and Voltage Monitor for Pentium®Pro U-158 

Average 1-Mode Controller for Pentium®Pro U-156 

Fueling the MegaProcessor - A DC/DC Converter Design Review U-157 

Motor Control 

Brush DC Motors 

PWM DC Motor Controller U-102 

Synchronizing Multiple UC3637 Oscillators DN-53A 

Brushless DC Motors 

3-Phase Controller U-1 15, U-130 

Current Loop Design U-130 

Four Quadrant Control U-130 

Fixed Off-Time Modulation U-106 

Integrated 3-Phase Control / Driver U-106 

Power Supply Bus Clamp U-130 

Trouble Shooting UC3625 Applications DN-50 

Phase Locked Loops 

Loop Filter Design U-113 

Small Signal Analysis U-113 

Power H-Bridge Design 

H-Bridge Power Amplifier U-102, U-1 12 

Small Signal Modeling 

Current Loop, Small Signal Analysis U-1 12 

Motor Modeling U-102, U-113, U-1 20 

Velocity Loop, Small Signal Analysis U-102, U-1 13 

Stepper Motors 

Microstepping Transconductance Amplifier U-1 12 

Reducing EMI in Stepper Motor Drives U-99 

Optocoupler Isolation 

Optocoupler Feedback Drive Techniques DN-32, DN-33 

Simple Circuit Modifications Enhance Optocoupler Performance U-1 60 

Post Regulation 

UC3584 Evaluation Board DN-83 

Power Device Drivers 

Calculating Average Gate Drive Current U-156 

Determining Gate Charge U-1 18, U-1 37 

Direct Coupled Drivers U-1 18, U-1 37 


Publications included in this book are listed in bold. 
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Gate Drive Considerations U-137, U143C 

General Gate Drive Information U-1 1 1 

Isolated High Side Switch Drive U-1 27 

Modeling the Power MOSFET U-1 18 

Power Dissipation Analysis U-137 

Transformer Coupled Drivers U-1 18 

UC3726 / UC3727 Power Considerations DN-57 

Power Factor Correction 

Active Power Factor Correction Description U-1 34, U-1 59 

Controlled On-Time, Zero Current Switched PFC U-1 32 

Controlled On-Time, Zero Current Switching U-1 32 

Current Sensing U-1 34, U-1 53 

Current Synthesizer U-1 53 

Distortion Sources U-1 34 

Effects of Discharge Current on Maximum Duty Cycle DN-40 

Fault Protection Circuits DN-77 

Novel Regulated Bias Supply for PFC Applications DN-39E (fig. 5) 

Optimizing Circuit Performance DN-39E 

Power Limiting Features DN-66 

UC3853 Evaluation Board DN-78 

UC3854 Demo Board DN-44 

UC3855 Design Example U-1 53 

UCC3858 Evaluation Board DN-90 

Voltage Feedforward Circuitry U-1 32, U-1 34 

ZVT Techniques U-1 53 

PWM Oscillators 

Noise Sensitivity U-100A 

Universal Synchronization Techniques U-100A, U-1 11, U-133A 

Voltage Feedforward Oscillators U-94 

Rectification 

Alternative Full-Wave Rectifier Topology DN-63 

Resonant Converters 

Resonant Tank Considerations U-1 36 

Transformer Coupled Equations U-1 38 

Zero-Voltage Switching U-1 22, U-1 36 

Zero-Current Switching U-122 

Ring Generator Controllers 

Design Procedure and Circuit Analysis U-1 69 

UCC3750 Demo Board DN-79 


Publications included in this book are listed in bold. 
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Secondary Side Regulation 

Secondary Side Regulator U-139 

UC3584 Switching Post Regulator Evaluation Board DN-83 

Small Signal Analysis 

Average Current Mode U-135, U-140, U-157 

Average Current Mode PFC U-134, U-153, U-159 

Buck Regulator U-97 

CCFL Ballast U-148 

Error Amplifier Response U-95, U-100A 

Load Models U-95 

Push-Pull Forward Converter U-110 

Subharmonic Oscillation 

Slope Compensation U-95, U-110 

Supervisory Functions 

Overvoltage Protection U-158 

Startup and Fault Protection DN-26 

Switching Regulators - Reference Designs 

Flyback Converters 

1 W, 5VIN, +/-12VOUT, RS-232 / RS-422 Converter DN-56A 

25W, Off-Line, 5V, +/-12VOUT, Flyback U-100A 

50W, -48VIN, 5V, Flyback U-165 

60W, Off-Line, 5V, 12VOUT, Flyback U-94 

Forward Converters 

20W, 48VIN, 5VOUT Voltage Mode Forward Converter U-150 

50W, 18-26VIN, 5VOUT, ZVS Forward Converter U-138 

50W, Off-Line, 12VOUT, Voltage Mode Converter U-150 

200W, Off-Line, 5V, +/-15VOUT, Average 1-Mode Forward Converter U-135 

Non-lsolated Buck, Boost, Flyback and SEPIC Converters 

5VIN, 3.3VOUT, Buck Regulator DN-54 

200mW, 5VIN, -3VOUT, Flyback Converter DN-46 

500mW, IVIN, Adjustable Output Voltage, Boost DN-73 

5W, 12VIN, 5VOUT, Buck Regulator DN-70 

35W, +48VIN, 5VOUT, Buck U-167 

HID Lamp Controller, SEPIC U-161 

Low Power Synchronous Boost Converter Evaluation Kit DN-97 

Peak Current Mode, Buck / Boost Designs U-133A 

Pentium®Pro Converter with Adjustable Output, Buck U-157 

Single Cell Lithium Ion to +3.3V Converter Evaluation Kit DN-86 

Versatile Low Power SEPIC Converter DN-48 


Publications included in this book are listed in bold. 
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Push-Pull Converters 

50W, -48VIN, 5VOUT, 1.5MHz Peak I Mode U-110 

75W, 48VIN, 5VOUT, Isolated Push-Pull U-170 

500W, -48 VIN, 5VOUT Push-Pull U-100A 

Push-Pull Forward Converter U-93 

Full Bridge 

500W, 400VIN, 48VOUT, ZVT Converter U-136 

Post Regulation 

150KHz, 3.3VOUT, Switching Post Regulator DN-83 

Power Factor Correction 

85W, 350VOUT, Zero Current Switched PFC U-132 

250W, 400VOUT, Average Current Mode PFC U-134 

250W, 385VOUT, Average 1-Mode PFC DN-44 

100W, 75KHz, 385VOUT, Average Current Mode PFC DN-78 

250W, 385VOUT, Average Current Mode PFC DN-90 

500W, 410VOUT, Average Current Mode, ZVT, PFC U-153 

Controlled, On-Time, Zero Current Switched PFC U-132 

Soft Switching ZVT Converters 

500W, 400VIN, 48VOUT, ZVT Converter U-136 

Ring Generator Controllers 

85V, 15 REN, Ring Generator DN-79, U-169 

Synchronization 

Universal Synchonization Techniques U-100A, U-1 1 1 , U-133A 

Thermoelectric Drivers 

Class-D Amplifier for Thermoelectric Devices DN-76 

Zero Current Switching 

Controlled, On-Time, Zero Current Switched PFC U-132 

Resonant Mode Control U-1 22 

Zero Voltage Switching 

Design Examples U-1 38 

Phase Shifted Full-Bridge Controller U-1 54 

Resonant Mode ZVS U-1 22, U-136, U-1 38 

Transformer Coupled Design Equations U-138 

ZVS Topologies U-138 


Publications included in this book are listed in bold. 
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HMI 




(see Unitrode ordering information page for "UC" and "UCC" prefix products) 


bq 

XXXXX 

XX 

— 

XXX 

X 








bq 


PREFIX 


PART NUMBER 




2003 
2201 
401 1Y 

P 

JN 

MT 

- 

70 

85 

200 

4287 

n 

r 



i 


I 

N 


general syntax 
example 


TEMPERATURE RANGE 

Blank = Commercial (0 to 70°C) 

I = Extended (-20 to +70°C) 

N = Industrial (-40 to +85°C) 

SPEED OPTIONS 

PACKAGE TYPES 

(See table) 


Letter 

Designator 

Package Type 

MA 

A-Type Module 

MB 

B-Type Module 

MC 

C-Type Module 

MS 

Leaded Chip Carrier for LIFETIME LITHIUM Module 

MS 

LIFETIME LITHIUM Module Housing 

MT 

T-Type Module 

P 

Plastic DIP (600 mil) 

PN 

Plastic Narrow DIP (300 mil) 

S 

SOIC (300 mil) 

SH 

SOH for SNAPHAT Module 

SH 

SNAPHAT Housing for SOH-28 SNAPHAT Module 

$N 

Narrow SOIC (150 mil) 

SS 

SSOP (150 mil) 

TS 

TSSOP (172 mil) 





Ordering Information 


y 


(see Benchmarq ordering information page for "bq" prefix products) 


UC 

xxxxx 

XX 

XX 

xxxx 


UC 

17131 

27131 

37131 

A 

j 

883B 


TT 


PREFIX 

"UC" ~ Linear Integrated Circuits 
"UCC" ~ BiCMOS 


PART NUMBER 

First digit "1" ~ Military Temperature Range* 

First digit "2" ~ Industrial Temperature Range* 
First digit "3" ~ Commercial Temperature Range* 
(*consult individual data sheets for specific 
temperature ranges on each part) 


general syntax 
example 


SCREEN/PROCESSING OPTIONS 

"883" ~ MIL-STD-883 
Class Q of MIL-PRF-38535 

PACKAGE OPTIONS 


OPTIONAL GRADES 

A or B ~ Improved Version 


Letter 

Designator 

Package Type 

D 

Plastic Narrow Body (150 mil) SOIC 

DW 

Plastic Wide Body (300 mil) SOIC 

DP 

Plastic Narrow Body Power SOIC 

DS 

Plastic Narrow Body (150 mil) SOIC with Shunt Current Sense 

DWP 

Plastic Wide Body Power SOIC 

FP : 

Power Plastic Metric Quad Flatpack (MQFP) 

FQ 

Power Low Profile Quad Flatpack (LQFP) 

FQP 

Power Plastic Low Profile Quad Flatpack (LQFP) 

J 

Ceramic Dual-in-Line (300 mil and 600 mil) 

L 

Ceramic Leadless Chip Carrier 

LP 

Power LCC 

M 

Quasi Shrink Small Outline (150 mil body, 0.635mm pitch) 

MWP 

Power Quasi Shrink Small Outline (300 mil body, 0.88mm pitch) 

N 

Plastic Dual-in-Line (300mil and 600 mil) 

P 

Mini SOIC 

PW 

Thin Shrink Small Outline (TSSOP) 

PWP 

Power TSSOP 

Q 

Plastic Leadless Chip Carrier (PLCC) 

QP 

Power (PLCC) 

SP 

Power Ceramic Dual-in-Line 

T 

Plastic TO-220 

TD 

Plastic TO-263 Power Surface Mount 

Z 

Zig-Zag In-Line Power Package 
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Unitrode’s Commitment to Quality 



Quality and innovation characterize our products! 

Our commitment begins with our Quality Assurance System. In October 1992, Unitrode Cor- 
poration became one of the first in our industry to achieve IS/ISO 9001/EN 29001 Registration. 
Currently, Unitrode’s quality-assurance system exceeds the rigorous requirements of ISO 
9001-1994 and MIL-PRF-38535. Quality Management Institute (QMI) has awarded Unitrode a 
Certificate of Registration (Number 003889) indicating compliance with ISO 9001, for the de- 
sign and manufacture of analog integrated circuits. For its Singapore branch, Unitrode also 
holds an ISO 9002 Certificate of Registration (Number 93-2-0148) from the Singapore Produc- 
tivity and Standards Board, for semiconductor 1C manufacturing, factory inspection and testing, 
and wafer-probe testing. 

In August 1996, the Defense Supply Center-Columbus (DSCC) granted Unitrode full Q-Level 
certification to MIL-PRF-38535 for listing on the Qualified Manufacturers List (QML). In addi- 
tion, DSCC continued Unitrode’s laboratory suitability by certifying that our test methods ac- 
cord with MIL-STD-883. 



All Unitrode products and manufacturing processes meet extensive qualification requirements. 
Qualification ensures that 

• Customer and/or design requirements are translated efficiently into manufacturing 
requirements 

• All groups are integrated, coordinated, and capable 

• Our processes are manufacturable 

• Our products meet or exceed the reliability requirements of our customers 


Process Qualification 

When a process qualification is required, Quality Assurance organizes a cross-functional team 
that prepares and completes a formal qualification plan according to QP 2515. Key require- 
ments for major processes include 

• Documented design rules and process specifications; process and device simulation 
with full SPICE models 

• Completed process control plan with identified critical, significant, and non-critical 
characteristics 

• Implemented process-control charts 

• Demonstrated Cp, and Cpk for significant and critical characteristics 

• Documented out-of-control action plans (OCAPs) 

• Completed quality audit 

• Process-acceptance criteria 

• Gage R&R studies 

• Construction analyses 
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Reliability Testing 

Our extensive reliability requirements ensure that our new processes demonstrate, for com- 
mercial products under typical use conditions, a 200 FIT rate or better (failures in time calcu- 
lated at 70°C, 0.7eV activation energy, 60% confidence) at the time of qualification, using a 
minimum of three wafer lots. Figure 1, on page 2-6, lists typical reliability tests performed for 
new major processes. 

Package Qualification 

Whenever a new package is introduced, in addition to qualifying the manufacturing process us- 
ing requirements appropriate to assembly processing, Unitrode performs a complete battery of 
reliability tests. 

Figure 2, on page 2-7, depicts typical requirements for plastic packages. Figure 3, on page 2-8, 
presents the requirements for hermetic packages. 

Product Qualification 

New products must be manufactured using qualified processes and packages. Unitrode’s new 
product qualification consists of 2 major milestones: Release For Introduction (RFI) and Re- 
lease to Production (RTP). 

RFI is the term Unitrode uses to describe devices that 

• Are built on a qualified process 

• Meet the preliminary data sheet over the specified temperature range 

• Demonstrate no infant mortality 

• Have been verified in the appropriate application 

• Have had ESD measured and classified 

• Have a released preliminary test program 


Devices that achieve RTP meet all the RFI requirements (plus additional requirements) and 
complete Unitrode’s product qualification. Typical RTP requirements include 

• Bench and temperature characterization 

• Demonstrated compliance to all data-sheet parameters 

• Cp, Cpk targets met for all untrimmed parameters in data sheet 

• Test program complete and released to production 

• Machine capability less than 5% of the device specification range 

• Test schematic(s), test program(s), bonding diagram(s), and burn-in diagrams approved 
and released 

• ESD measured and classified (human body model) 

• Passed latch-up and HTOL test to 1 000 hours 

• Final data sheet approved and released. 
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Results 

As a result of our comprehensive qualification procedures, we are able to report long-term de- 
vice reliability of 4.0 FIT or lower for combined functional families. This figure is estimated from 
millions of hours of life-testing at accelerated temperatures. 



Failure Analysis 

If we do experience a failure during pre-production qualification, we have an extensive fail- 
ure-analysis lab to determine and fix the root cause before the products reach our customers. 
We begin by verifying the failure to published specifications. We provide written fail- 
ure-verification to our customers within 72 hours. 

This notification is followed by failure-mode identification through laboratory analyses such as 
electrical measurements, optical and electron microscopy, radiography, device deprocessing, 
microsectioning, spectrometry, and cholesteric liquid-crystal analysis. Unitrode maintains a 
ten-day cycle to identify moderately complex failures from receipt of failed units. 

If needed, closed-loop corrective action is managed through our Corrective Action Continuous 
Improvement Team using the 8D approach. 


Customer Notification 

Our continuous improvement requires an occasional product or process change. Unitrode noti- 
fies the customer (a 90-day notification whenever possible) when 

• A waiver to a customer’s or Unitrode’s specification is required before shipment of mate- 
rial deemed suitable by Unitrode or our customer 

• Any product, process or mask change requires a change to Unitrode’s data sheet, SCD, 
Purchase Order, or customer specification 

• Any product, process or mask change reduces ESD rating 

• A change occurs in manufacturing location, including wafer fabrication, assembly, and 
test 

• There is a change in wafer starting material, dieletric, passivation or metalization materi- 
als and certain assembly materials 

• A major change occurs in manufacturing process on a critical or significant characteris- 
tic, according to our process control plan(s) 

• A manufacturing process changes a characteristic that is a reliability concern 

• Unitrode’s operating procedures or quality systems change significantly 
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Total Business Excellence 

Unitrode’s policy of Total Business Excellence (TBE) goes well beyond the scope of Quality As- 
surance. A company demonstrating Total Business Excellence must have more rigorous business 
practices than industry standards and a supporting culture to enable and improve these prac- 
tices. 

TBE requires continuous improvement. It is a never-ending search for ways to improve everything 
we do, and a pledge to ultimately translate improvements into better products and services for 
our customers. 

Our goals include improved designs that meet the broadest spectrum of application needs, im- 
proved translation of customer requirements into actual product performance characteristics, im- 
proved understanding of process capabilities to improve the product introduction process, higher 
productivity, less scrap and rework, and lower production costs. 

For example, Unitrode internal qualification procedures now include rigorous qualification of our 
suppliers, subcontractors, and the wafer fabrication (both major new processes and unit pro- 
cesses). Each qualification is managed by a cross-functional quality team. Qualification require- 
ments include detailed and advanced process control plans, out-of-control action plans (OCAPs), 
demonstrated process-capability, advance statistical process-control techniques, and Gage R&R 
studies. 

We’ve improved many of our internal practices: for example, shop floor control, document man- 
agement, customer notification, and corrective action. We’ve replaced our old hardcopy system 
with electronically based systems using the best software systems and relational databases. 

Total Business Excellence affects every department, activity, and product, from initial concept to 
end-user installation and operation. 

For all of these reasons we deliver high-quality, reliable products. Our continuing quest to improve 
everything we do yields better and more reliable products and services for our customers. That is 
what earns customer loyalty! 
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Figure 1. Typical Reliability Tests for New Processes 
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Steady State Life 
T a = +125°C 
t= 1000 Hours 


HAST 

+131°C/85%RH 
t = 100 Hours 


Autoclave 
+121°C/100%RH 
t = 96 Hours 


Temperature Cycling 
-65°C to +150°C 
t = 500 Cycles 


Thermal Shock 
-55°C to +125°C 
t = 500 Cycles 


ESD Classification/ 
Human Body Model 
(HBM) 


Electrical Test 
T = +25°C 
Readout in Hours 
0,168,500,1000 


Test Procedure 
Mil-Std-883 
Method 1005 


Electrical Test 
T = +25°C 
Readout in Hours 
0,100 


Test Procedure 
Jedec Standard 
JESD22-A1 10 


Electrical Test 
T = +25°C 
Readout in Hours 
0, 96 


Electrical Test 
T = +25°C 
Readout in Cycles 
0,500,1000 


Electrical Test 
T = +25°C 
Readout in Cycles 
0,200, 500 


Electrical Test 
T = +25°C 
After each 
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Figure 2. Typical Reliability Requirements for Plastic Packages 




Reliability 






Figure 3. Typical Reliability Requirements for Hermetic Packages 
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Die and Wafer 
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Description 

Unitrode offers most of our products in die and/or wafer form through our die distributors. 
Unitrode’s die utilize either linear bipolar or BiCMOS process technology featuring tight beta 
controls and resistor matching techniques.Die thickness is either 12 mils or 15 mils, +/- 1 mil. 
Interconnects are an alloy of copper and aluminum (to reduce the possibility of 
electromigration). Most product’s backside material is pure silicon. 

Testing 

All products are tested at two separate points: (1) wafer process parameter in-line probing and 
(2) ambient electrical test probing. Die are tested to full data sheet specifications, with the ex- 
ception of some high power or high speed devices where production probe equipment limit the 
test environment. 

Inspection 

Unitrode performs visual inspections on military grade die to MIL-STD-883, Method 2010, con- 
ditions A or B, or to individual customer specifications. Die is supplied in “waffle pack” or single 
wafer form. Standard wafers are 1 00 mils, generic 4- or 6-inch diameter. 

Ordering 

Product is available from Unitrode’s authorized die distributors, and part numbers end with the 
suffix “c” for chip form or “chipwfr” for wafer form. 
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New Portable Power Products from Unitrode 



Battery Charge-Management ICs 

bq2000 Programmable Multi-Chemistry Fast-Charge-Management 1C 3-7 

bq2000T Programmable Multi-Chemistry Fast-Charge-Management 1C 3-20 

bq2954 Li-Ion Fast-Charge 1C 3-217 

Power-Management ICs 

UCC386/7/8 Low-Dropout 200mA Linear Regulator 7-29 

UCC39401 Advance Low- Voltage Boost-Controller with Backup Charger 7-34 

UCC3941 1/2/3 Low-Power Synchronous Boost Converter 7-58 

UCC39421/2 Multimode Synchronous PWM Controller 7-66 

UCC3972 Cold Cathode Lamp Controller 8-13 

Pack Protection and Supervisory ICs 

UCC3952 Enhanced Single-Cell Li-Ion Battery Protection 1C 6-32 
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Battery Charge-Management ICs 



Battery Charge-Management ICs Selection Guide 


y. 

Unitrode battery charge-management ICs provide full-function, safe charge control for all types of rechargeable 
chemistries. Functions include pre-charge qualification and conditioning, charge regulation, and termination. 


> Fast charging and conditioning of nickel cadmium, 
nickel metal hydride, lead acid, lithium ion, or 
rechargeable alkaline batteries 

> Flexible charge regulation support: 

— Linear 

— Switch-mode 

— Gating control (external regulator) 

> Easily integrated into systems or as a stand-alone 
charger 


> Direct LED outputs display battery and charge 
status 

> Fast, safe, and reliable chemistry-specific 
charge-termination methods, including rate of 
temperature rise (AT/At), negative delta voltage 
(-AV), peak voltage detect (PVD), minimum 
current, maximum temperature, maximum 
voltage, and maximum time 

> Optional top-off and maintenance charging 

> Discharge-before-charge option for NiCd 


Battery Charge-Management Selection Guide 


Battery Key Fast-Charge Pins/ Part Page 

Technology Features Termination Method Package Number Number 


Multi- 

Chemistry 

Complete change 
management with 
integrated switching 
controller 

PVD, minimum current, 
maximum temperature, 
maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2000+ 

3-7 

AT/A, minimum current, 
maximum temperature, 
maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2000T+ 

3-20 

NiMH, 

NiCd 

Gating control of an 
external regulator 

-AV, PVD, maximum 
temperature, maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2002/C/E/F/G 

3-3 

AT/At, maximum temperature, 
maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2002D/T 

3-3 

PWM Controller 

-AV, AT/At, maximum tempera- 
ture, maximum time 

16/0.300" DIP, 
16/0.300" SOIC 

bq2003 

3-73 

PWM controller, 
enhanced display 
mode 

-AV, PVD, AT/At, maximum 
temperature, maximum time 

16/0.300" DIP, 
16/0.150" SOIC 

bq2004/E/H 

3-5 

Dual sequential 
charge-controller for 
2-bav chargers 

-AV, AT/At, maximum 
temperature, maximum time 

20/0.300" DIP, 
20/0.300" SOIC 

bq2005 

3-119 

Lithium Ion 

PWM controller 

Minimum current, maximum 
time 

16/0.300" DIP, 
16/0.150" SOIC 

bq2054 

3-6 

Low-dropout linear 
with AutoComp™ 
feature 

- 

8/0.150” SOIC 

bq2056/T/V 

3-186 

PWM controller, 
enhanced display 
mode 

Minimum current, maximum 
time 

16/0.300" DIP, 
16/0.150" SOIC 

bq2954+ 

3-6 

PWM controller, 
differential current 
sense 

Minimum current, maximum 
time 

20/0.300" DIP, 
20/0.300" SOIC 

UCC3956 

3-6 



+ New Product 
Continued on next page 
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Battery Charge-Management ICs Selection Guide 


In 


Battery Charge-Management Selection Guide (Continued) 

Battery Fast-Charge Pins / Part Page 

Technology Key Features Termination Method Package Number Number 


Lead Acid 

PWM controller, 3 charge 
algorithms 

Maximum voltage, 

-A 2 V, minimum current, 
maximum time 

16/0.300” DIP, 
16/0.150” SOIC 

bq2031 

3-154 

Linear controller 

Maximum voltage, 
minimum current 

16/0.300” DIP 
16/0.300”SOIC 

UC3906 

3-237 

PWM controller, differential 
current sense 

Maximum voltage, 
minimum current 

20/0.300” DIP 
20/0.300”SOIC 

UC3909 

3-244 

Rechargeable 

Alkaline 

2-cell charging 

Maximum voltage 

8/0.300”DIP, 
8/0.150” SOIC 

bq2902 

3-194 

3- or 4-cell charging 

Maximum voltage 

14/0.300” DIP, 
14/0.150” SOIC 

bq2903 

3-204 
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bq2002 Family Selection Guide 


y 


The bq2002 fast-charge control ICs are low-cost CMOS battery charge-control ICs providing reliable charge termina- 
tion for both NiCd and NiMH battery applications. Controlling a current-limited or constant-current supply allows the 
ICs to be the basis for a cost-effective stand-alone or system-integrated charger. The bq2002 family includes options 
that integrate fast charge, top-off, and pulse-trickle charge control in a single 1C for charging one or more NiCd or 
NiMH batteries. 

A new charge cycle is started by the application of a charging supply or by replacement of the battery. For safety, 
fast charge is inhibited if the battery voltage or temperature is outside of configured limits. Fast charge may be inhib- 
ited using the INH input. In some versions, this input may be used to synchronize voltage sampling. A low-power 
standby mode reduces system power consumption. 



> Fast-charge control of nickel cadmium or 
nickel-metal hydride batteries 

> Fast-charge terminations available: 

- -AV 

— Peak Voltage Detection (PVD) 

- AT/At 

> Direct LED output displays charge status 


>* Backup safety termination on maximum voltage, 
maximum temperature, and maximum time 

> Top-off and pulse-trickle charge rates available 

> Synchronized voltage sampling available 

> Low-power mode 

>* 8-pin 300-mil DIP or 150-mil SOIC packaging 


Feature 

bq2002 

Part Number 

-AV or PVD Termination 

bq2002F bq2002C bq2002E 

bq2002G 

AT/At Termination 

bq2002T bq2002D 

Fast charge time 
limit options 
(minutes) 

160/80/40 

160/100/40 

160/80/40 

200/80/40 

160/80/40 

320/80/40 

440/110/55 

Hold-off period 

options 

(seconds) 

600/300/10 

600/300/10 

300/150/75 

300/150/75 

300/150/75 

none 

none 

Top-off options 

C/32, C/1 6,0 

C/32, C/1 6,0 

none 

C/16,0 

C/16,0 

C/64, C/1 6,0 

none 

Top-off period 

4.6ms 

4.6ms 

n/a 

1.17s 

1.17s 

4.6ms 

n/a 

Pulse-trickle options 

C/64, C/32 

C/64, C/32 

C/32 

C/32 

C/32 

C/256, C/1 28 

none 

Pulse-trickle period 

9 or 18ms 

9 or 18ms 

1.17s 

1.17s 

1.17s 

18 or 73ms 

n/a 

Synchronized 

voltage 

sampling 

no 

no 

yes 

yes 

yes 

no 

no 

Minimum voltage 

pre-charge 

qualification 

no 

no 

yes 

yes 

yes 

no 

no 


Continued on next page 
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bq2002 Family Selection Guide 
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bq2002 Family Selection Guide (Continued) 

Part Number 

-AV or PVD Termination AT/At Termination 


Feature 

bq2002 

bq2002F 

bq2002C 

bq2002E 

bq2002G 

bq2002T 

bq2002D 

Hysteresis on 

high-temperature 

cut-off 

no 

no 

no 

no 

no 

yes 

yes 

LED in “charge 
pending” phase 

n/a 

n/a 

flashes 

flashes 

flashes 

on 

off 

Page number 

3-35 

3-35 

3-43 

3-61 

3-61 

3-51 

3-51 
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bq2004 Family Selection Guide 


y n 

The bq2004 fast-charge control ICs are low-cost CMOS battery charge control ICs providing reliable charge termina- 
tion for both NiCd and NiMH battery applications. Integration of PWM current control circuitry allows the ICs to be the 
basis for a cost-effective stand-alone or system-integrated charger. The bq2004 family includes options that integrate 
fast charge, top-off, and pulse-trickle charge control in a single 1C for charging one or more NiCd or NiMH batteries. 

A new charge cycle is started by the application of a charging supply, replacement of the battery, or a logic-level 
pulse. For safety, fast charge is inhibited if the battery voltage or temperature is outside of configured limits. Fast 
charge may be inhibited using the INH input, which also puts the 1C into a low-power standby mode, reducing system 
power consumption. 

> Fast-charge control of nickel cadmium or > 

nickel-metal hydride batteries 

> Integrated PWM closed-loop current control 

> Configurable, direct LED output displays charge 
status 

> Low-power mode 

>* Top-off and pulse-trickle charging available 




Part Number 


Feature 

bq2004 

bq2004E 

bq2004H 

Maximum time-out selections (minutes) 

360/180/90/45/23 

325/154/77/39/19 

650/325/154/77/39 

Hold-off period selections (seconds) 

137/820/410/200/100 

137/546/273/137/68 

273/546/546/273/137 

Charge rate during hold-off period 

full fast-charge rate 

1/8*fast-charge rate 

1/8*fast-charge rate 

Top-off options 

C/2, C/4, C/8, C/1 6,0 

C/2, C/4, C/8, C/1 6,0 

C/4, C/8, C/1 6, C/32,0 

Top-off pulse width/period (seconds) 

260/2080 

260/2080 

260/2080 

Top-off duration 

MTO 

0.235*MTO 

0.235*MTO 

Pulse-trickle selections 

C/32, C/64,0 

C/512,0 

C/512,0 

Pulse-trickle period (ms) 

4.17/8.3/16.7/33.3/66.7 

66.7/133/267/532 

33.3/66.7/133/267 

Pulse-trickle pulse width (seconds) 

260 

260 

260 

DSEL floating disables pulse-trickle 

no 

yes 

yes 

VSEL high disables low-temperature 
fault threshold 

yes 

no 

no 

High-temperature fault threshold 

1/4LTF + 3/4 TCO 

1/3LTF + 2/3 TCO 

1/3LTF + 2/3 TCO 

Page number 

3-91 

3-105 

3-105 


Fast-charge terminations available: 

- -AV 

— Peak Voltage Detection (PVD) 

AT/At 

Backup safety termination on maximum voltage, 
maximum temperature, and maximum time 

16-pin 300-mil DIP or 150-mil SOIC packaging 
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Li-Ion PWM Charge 1C Selection Guide 






Part Number 


Feature 

bq2054 

bq2954 

UCC3956 

Charge 

algorithm 

During pre-qualification, the 
bq2054 charges using a low 
trickle current if the battery 
voltage is low. Then it charges 
using constant current followed 
by constant volatge. After 
fast-charge termination, charge 
is re-initiated by resetting the 
power to the 1C or by inserting 
a new battery. 

Performs similar to the bq2054, 
but the bq2954 also re-initiates 
a recharge if the battery voltage 
falls below a threshold level. 
This allows the bq2954 to 
maintain a full charge in the 
battery at all times. 

Uses a 4-step charge 
algorithm: low-current trickle 
charge (when the cell 
voltage is below a user- 
programmable level); high- 
current bulk charge; con- 
stant-voltage overcharge; 
optional top-off with 
user-programmable timer 

Current-sensing 

technique 

Low-side current sensing 

Low-side and high-side current 
sensing 

Fully differential high-side 
current sensing can be used 
up to 20 V common mode 
without the need for external 
level shiftinq. 

Charge 

initiation 

Application of power or detec- 
tion of battery insertion 

Application of power or detec- 
tion of battery insertion 

One-shot charge initiates 
charging, or a simple 
comparator initiates charging 
on battery insertion. 

Detection of 
deeply dis- 
charged (bad) 
cells 

Minimum cell voltage required 
for fast charge: 2V/cell 
Trickle-charge period: 1 * MTO 

Minimum cell voltage required 
for fast charge: 3V/cell 
Trickle-charge period: 0.25 * 
MTO (for faster detection of bad 
cells) 

User-programmable threshold 
limits charge current when 
battery cells are deeply 
discharged and provides 
short-circuit protection. 

Charge termi- 
nation based 
on minimum 
current 

User-programmable minimum 
current is a ratio of the charging 
current: 1/10, 1/20, 1/30. A 
safety charge timer is also 
available. 

User-programmable minimum 
current is a ratio of the charging 
current: 1/10, 1/15, 1/20. A 
safety charge timer is also 
available. 

User-programmable 
minimum current or 
user-programmable 
overcharge timer 

Temperature 

monitoring 

Measured using an external 
thermistor. Fast charge is inhib- 
ited if the battery temperature is 
outside user-configured limits. 

Measured using an external 
thermistor. Fast charge is inhib- 
ited if the battery temperature is 
outside user-configured limits. 

No 

Status display 

3 LEDs for state of charge 

2 LEDs or one bi-color LED 
optimize state of charge 

2 LEDs for state of charge 
including end of charge 

Full-charge 

indication 

LEDs indicate full charge after 
charge termination 

LEDs indicate full charge just 
before charge termination 

LEDs indicate full charge on 
charge termination 

Input voltage 
range 

4.5V to 5.5V 

4.5V to 5.5V 

6.5V to 20V 

Typical supply 
current 

2mA 

2mA 

5mA 

Voltage regula- 
tion accuracy 

±1 % at 25°C 

+1% at 25°C 

+1 % at 25°C 

Wakeup feature 
for battery pack 
protectors 

No ' 

Yes 

No 

Integrated 

PWM controller 

Yes 

Yes 

Yes 

Pins/package 

16-pin narrow PDIP or SOIC 

16-pin narrow PDIP or SOIC 

20-pin SOIC or DIP 

Page number 

3-170 

3-217 

3-253 
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UIM IT ROIDE 


bq2000 


Features 

> Safe management of fast 
charge for NiCd, NiMH, or Li- 
Ion battery packs 

> High-frequency switching con- 
troller for efficient and simple 
charger design 

> Pre-charge qualification for 
detecting shorted, damaged, or 
overheated cells 

> Fast-charge termination by 
peak voltage (PVD), minimum 
current (Li-Ion), maximum 
temperature, and maximum 
charge time 

> Selectable top-off mode for 
achieving maximum capacity in 
NiMH batteries 

> Programmable trickle-charge 
mode for reviving deeply dis- 
charged batteries and for post- 
charge maintenance 

> Built-in battery removal and 
insertion detection 

> Sleep mode for low power 
consumption 


Pin Connections 





SNS d 

W 

1 8 

d| mod 

vss d 

2 7 

dl v cc 

LED d 

3 6 

22 RC 

BAT d 

4 5 

□ TS 

8-Pin DIP or Narrow SOIC 
or TSSOP 

PN-2000.eps 
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Programmable Multi-Chemistry 
Fast-Charge Management 1C 


General Description 

The bq2000 is a programmable, 
monolithic IC for fast-charge manage- 
ment of nickel cadmium (NiCd), 
nickel metal-hydride (NiMH), or lith- 
ium-ion (Li-Ion) batteries in single- or 
multi-chemistry applications. The 
bq2000 detects the battery chemistry 
and proceeds with the optimal charg- 
ing and termination algorithms. This 
process eliminates undesirable under- 
charged or overcharged conditions 
and allows accurate and safe termi- 
nation of fast charge. 

Depending on the chemistry, the 
bq2000 provides a number of charge 
termination criteria: 

■ Peak voltage, PVD (for NiCd and 
NiMH) 

■ Minimum charging current (f or 
Li-Ion) 


For safety, the bq2000 inhibits fast 
charge until the battery voltage and 
temperature are within user-defined 
limits. If the battery voltage is below 
the low-voltage threshold, the 
bq2000 uses trickle-charge to 
condition the battery. For NiMH 
batteries, the bq2000 provides an 
optional top-off charge to maximize 
the battery capacity. 

The integrated high-frequency com- 
parator allows the bq2000 to be the 
basis for a complete, high-efficiency 
power-conversion circuit for both 
nickel-based and lithium-based 
chemistries. 



■ Maximum temperature 

■ Maximum charge time 


Pin Names 


SNS Current-sense input 

Vss System ground 

LED Charge-status 

output 

BAT Battery-voltage 

input 


TS 

Temperature-sense 


input 

RC 

Timer-program input 

Vcc 

Supply-voltage input 

MOD 

Modulation-control 


output 


1/13 
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bq2000 


Pin Descriptions 

SNS Current-sense input 

Enables the bq2000 to sense the battery cur- 
rent via the voltage developed on this pin by 
an external sense-resistor connected in se- 
ries with the battery pack 

Vss System Ground 

LED Charge-status output 

Open-drain output that indicates the charg- 
ing status by turning on, turning off, or 
flashing an external LED 

BAT Battery-voltage input 

Battery-voltage sense input. A simple resistive 
divider, across the battery terminals, generates 
this input. 

TS Temperature-sense input 

Input for an external battery-temperature 
monitoring circuit. An external resistive di- 
vider network with a negative tempera- 
ture-coefficient thermistor sets the lower 
and upper temperature thresholds. 


RC Timer-program input 

RC input used to program the maximum 
charge-time, hold-off period, and trickle 
rate during the charge cycle, and to disable 
or enable top-off charge 

Vcc Supply-voltage input 

MOD Modulation-control output 

Push-pull output that controls the charging 
current to the battery. MOD switches high 
to enable charging current to flow and low to 
inhibit charging- current flow. 

Functional Description 

The bq2000 is a versatile, multi-chemistry battery- 
charge control device. See Figure 1 for a functional block 
diagram and Figure 2 for a state diagram. 


TS 


RC 



SNS 


Vcc V S s 


* LED 


► MOD 


Figure 1. Functional Block Diagram 
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bq2000 


4.0V < Vcc < 6.0V 


Charge 

Initialization 


Battery Voltage Vmcv < Vbat < Vslp 

(checked at all times) 


' Vslp < Vbat < Vcc 


Charge Battery Temperature 

Suspended L I s HTF — (checked at all times) 


Battery 

Conditioning 


Vbat < Vlbat or 
Vts > Vltf 


Vlbat < Vbat < Vmcv and 
Vhtf< Vjs < Vltf _ / 


Current 

Regulation 


Vlbat < Vbat < Vmcv and 
Vhtf < Vts < Vltf 


PVD (after hold-off period), 
or Vts < Vtco or 
Time = MTO 


Time < MTO 
and 

Vbat > Vmcv 


Maintenance 

Charge 


Top-Off 

Selected? 


Voltage 

Regulation 


Time = MTO or 
Vts < Vtco 


Current Taper 


Vcc Reset or Battery Replacement or Capacity Depletion (Li-Ion) 


Figure 2. State Diagram 




bq2000 


Initiation and Charge Qualification 

The bq2000 initiates a charge cycle when it detects 

■ Application of power to Vcc 

■ Battery replacement 

■ Exit from sleep mode 

■ Capacity depletion (Li-Ion only) 

Immediately following initiation, the IC enters a 
charge-qualification mode. The bq2000 charge qualifica- 
tion is based on battery voltage and temperature. If 
voltage on pin BAT is less than the internal threshold, 
Vlbat, the bq2000 enters the charge-pending state. This 
condition indicates the possiblility of a defective or 
shorted battery pack. In an attempt to revive a fully 
depleted pack, the bq2000 enables the MOD pin to 
trickle-charge at a rate of once every 1.0s. As explained 
in the section “Top-Off and Pulse-Trickle Charge,” the 
trickle pulse-width is user-selectable and is set by the 
value of the resistance connected to pin RC. 

During this period, the LED pin blinks at a 1Hz rate, 
indicating the pending status of the charger. 

Similarly, the bq2000 suspends fast charge if the battery 
temperature is outside the Vltf to Vhtf range. (See Table 
4.) For safety reasons, however, it disables the pulse 
trickle, in the case of a battery over-temperature condition 
(i.e., Vts < Vhtf). Fast charge begins when the battery 
temperature and voltage are valid. 


Battery Chemistry 

The bq2000 detects the battery chemistry by monitoring 
the battery-voltage profile during the initial stage of the 
fast charge. If the voltage on BAT input rises to the in- 
ternal Vmcv reference, the IC assumes a Li-Ion battery. 
Otherwise the bq2000 assumes NiCd/NiMH chemistry. 

As shown in Figure 6, a resistor voltage-divider between 
the battery pack’s positive terminal and Vss scales the 
battery voltage measured at pin BAT. In a 
mixed-chemistry design, a common voltage-divider is 
used as long as the maximum charge voltage of the 
nickel-based pack is below that of the Li-Ion pack. Oth- 
erwise, different scaling is required. 

Once the chemistry is determined, the bq2000 completes 
the fast charge with the appropriate charge algorithm 
(Table 1). The user can customize the algorithm by 
programming the device using an external resistor and 
a capacitor connected to the RC pin, as discussed in 
later sections. 

NiCd and NiMH Batteries 

Following qualification, the bq2000 fast-charges NiCd or 
NiMH batteries using a current-limited algorithm. Dur- 
ing the fast-charge period, it monitors charge time, tem- 
perature, and voltage for adherence to the termination 
criteria. This monitoring is further explained in later 
sections. Following fast charge, the battery is topped off, 
if top-off is selected. The charging cycle ends with a 
trickle maintenance-charge that continues as long as 
the voltage on pin BAT remains below Vmcv. 



Vmcv 


Vlbat 


0 

O) 

03 

o 

> 


Figure 3. Lithium-Ion Charge Algorithm 
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bq2000 


Table 1. Charge Algorithm 


Batterv Chemistry 

Charqe Alqorithm 

NiCd or NiMH 

1. Charge qualification 

2. Trickle charge, if required 

3. Fast charge (constant current) 

4. Charge termination (peak voltage, maximum charge time) 

5. Top-off (optional) 

6. Trickle charge 

Li-Ion 

1. Charge qualification 

2. Trickle charge, if required 

3. Two-step fast charge (constant current followed by constant voltage) 

4. Charge termination (minimum current, maximum charge time) 


Lithium-Ion Batteries 

The bq2000 uses a two-phase fast-charge algorithm for 
Li-Ion batteries (Figure 3). In phase one, the bq2000 reg- 
ulates constant current until Vbat rises to Vmcv. The 
bq2000 then moves to phase two, regulates the battery 
with constant voltage of Vmcv, and terminates when the 
charging current falls below the Imin threshold. A new 
charge cycle is started if the cell voltage falls below the 
Vrch threshold. 

During the current-regulation phase, the bq2000 
monitors charge time, battery temperature, and battery 
voltage for adherence to the termination criteria. During 
the final constant-voltage stage, in addition to the 
charge time and temperature, it monitors the charge 
current as a termination criterion. There is no 
post-charge maintenance mode for Li-Ion batteries. 

Charge Termination 

Maximum Charge Time (NiCD, NiMH, and 
Li-Ion) 

The bq2000 sets the maximum charge-time through pin 
RC. With the proper selection of external resistor and ca- 
pacitor, various time-out values may be achieved. Figure 
4 shows a typical connection. 

The following equation shows the relationship between 
the Rmto and Cmto values and the maximum charge 
time (MTO) for the bq2000: 

MTO = Rmto * Cmto * 35,988 

MTO is measured in minutes, Rmto in ohms, and Cmto 
in farads. (Note: Rmto and Cmto values also determine 
other features of the device. See Tables 2 and 3 for de- 
tails.) 

For Li-Ion cells, the bq2000 resets the MTO when the 
battery reaches the constant-voltage phase of the 


charge. This feature provides the additional charge time 
required for Li-Ion cells. 

Maximum Temperature (NiCd, NiMH, Li-Ion) 

A negative-coefficient thermistor, referenced to Vss and 
placed in thermal contact with the battery, may be used 
as a temperature-sensing device. Figure 5 shows a typi- 
cal temperature-sensing circuit. 

During fast charge, the bq2000 compares the battery 
temperature to an internal high-temperature cutoff 
threshold, Vtco. As shown in Table 4, high-temperature 
termination occurs when voltage at pin TS is less than 
this threshold. 

Peak Voltage (NiCd, NiMH) 

The bq2000 uses a peak-voltage detection (PVD) scheme 
to terminate fast charge for NiCd and NiMH batteries. 
The bq2000 continuously samples the voltage on the 
BAT pin, representing the battery voltage, and triggers 
the peak detection feature if this value falls below the 
maximum sampled value by as much as 3.8mV (PVD). 
As shown in Figure 6, a resistor voltage-divider between 
the battery pack’s positive terminal and Vss scales the 
battery voltage measured at pin BAT. 

For Li-Ion battery packs, the resistor values Rbi and 
Rb 2 are calculated by the following equation: 

RB1 -fN* VCELL > )-l 
Rb2 V Vmcv J 

where N is the number of cells in series and Vcell is the 
manufacturer-specified charging voltage. The end-to-end 
input impedance of this resistive divider network should 
be at least 200k£2 and no more than 1M£2. 

A NiCd or NiMH battery pack consisting of N series- 
cells may benefit by the selection of the Rbi value to be 
N-l times larger than the Rb 2 value. 

In a mixed-chemistry design, a common voltage-divider 
is used as long as the maximum charge voltage of the 
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bq2000 



Figure 4. Typical Connection for the RC Input 



Figure 5. Temperature Monitoring Configuration 



Figure 6. Battery Voltage Divider 






bq2000 


nickel-based pack is below that of the Li-Ion pack. Oth- 
erwise, different scaling is required. 

Minimum Current (Li-Ion Only) 

The bq2000 monitors the charging current during the 
voltage-regulation phase of Li-Ion batteries. Fast charge 
is terminated when the current is tapered off to 14% of 
the maximum charging current. 


Initial Hold-Off Period 


The values of the external resistor and capacitor 
connected to pin RC set the initial hold-off period. 
During this period, the bq2000 avoids early termination 
due to an initial rise in the battery voltage by disabling 
the peak voltage-detection feature. This period is fixed 
at the programmed value of the maximum charge time 
divided by 32. 


hold-off period = 


maximum time - out 
32 


Top-Off and Pulse-Trickle Charge 

An optional top-off charge is available for NiCd or NiMH 
batteries. Top-off may be desirable on batteries that 
have a tendency to terminate charge before reaching full 
capacity. To enable this option, the capacitance value of 
Cmto connected to pin RC (Figure 4) should be greater 
than 0.13pF, and the value of the resistor connected to 
this pin should be less than 15k£2. To disable top-off, the 
capacitance value should be less than 0.07(liF. The toler- 
ance of the capacitor needs to be taken into account in 
component selection. 


Once enabled, the top-off is performed over a period 
equal to the maximum charge time at a rate of y i6 that 
of fast charge. 

Following top-off, the bq2000 trickle-charges the battery 
by enabling the MOD to charge at a rate of once every 
1.0 second. The trickle pulse-width is user-selectable 
and is set by the value of the resistor Rmto, connected to 
pin RC. Figure 7 shows the relationship between the 
trickle pulse-width and the value of Rmto- The typical 
tolerance of the pulsewidth below 150kQ is ±10%. 

During top-off and trickle-charge, the bq2000 monitors 
battery voltage and temperature. These charging func- 
tions are suspended if the battery voltage rises above 
the maximum cell voltage (Vmcv) or if the temperature 
exceeds the high-temperature fault threshold (Vhtf). 


Charge Current Control 


The bq2000 controls the charge current through the 
MOD output pin. The current-control circuit supports a 
switching-current regulator with frequencies up to 
500kHz. The bq2000 monitors charge current at the 
SNS input by the voltage drop across a sense-resistor, 
Rsns, in series with the battery pack. See Figure 9 for a 
typical current-sensing circuit. Rsns is sized to provide 
the desired fast-charge current (Imax): 


Imax 


, 0.05 

Rsns 


If the voltage at the SNS pin is greater than Vsnslo or 
less than Vsnshi, the bq2000 switches the MOD output 
high to pass charge current to the battery. When the 
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Figure 7. Relationship Between Trickle Pulse-Width and Value of Rmto 
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NOTES: 1 . For Li-Ion, the CHEMISTRY is left floating. 

For NiCd/NiMH, the CHEMISTRY is tied to BAT- Pniosiaoi.eos 

2. DC input voltage: 9-1 6V 

3. Charge current: 1A 

4. LI: 3L Global P/N PKSMD-1005-470K-1A 


Figure 8. Single-Cell Li-Ion, Three-Cell NiCd/NiMH 1 A Charger 
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Table 2. Summary of NiCd or NiMH Charging Characteristics 


Parameter 

Value* 

Maximum cell voltage (Vmcv) 

2V 

Minimum pre-charge qualification voltage (Vlbat) 

950mV 

High-temperature cutoff voltage (Vtco) 

0.225 * Vcc 

High-temperature fault voltage (Vhtf) 

0.25 * Vcc 

Low-temperature fault voltage (Vltf) 

0.5 * Vcc 

bq2000 fast-charge maximum time out (MTO) 

Rmto * Cmto * 35,988 

Fast-charge charging current (Imax) 

0.05/Rsns 

Hold-off period 

MTO/32 

Top-off charging current (optional) 

Imax/16 

Top-off period (optional) 

MTO 

Trickle-charge frequency 

1Hz 

Trickle-charge pulse-width 

See Figure 7 


*Please refer to DC Thresholds Specification for details. 


SNS voltage is less than Vsnslo or greater than Vsnshi, 
the bq2000 switches the MOD output low to shut off 
charging current to the battery. Figure 8 shows a typical 
multi-chemistry charge circuit. 

Temperature Monitoring 

The bq2000 measures the temperature by the voltage at 
the TS pin. This voltage is typically generated by a nega- 


tive-temperature-coefficient thermistor. The bq2000 
compares this voltage against its internal threshold 
voltages to determine if charging is safe. These 
thresholds are the following: 

■ High-temperature cutoff voltage: Vtco = 0.225 * Vcc 
This voltage corresponds to the maximum 
temperature (TCO) at which fast charging is allowed. 
The bq2000 terminates fast charge if the voltage on 
pin TS falls below Vtco. 


Table 3. Summary of Li-Ion Charging Characteristics 


Parameter 

Value* 

Maximum cell voltage (Vmcv) 

2V 

Minimum pre-charge qualification voltage (Vlbat) 

950mV 

High-temperature cutoff voltage (Vtco) 

0.225 * Vcc 

High-temperature fault voltage (Vhtf) 

0.25 * Vcc 

Low-temperature fault voltage (Vltf) 

0.5 * Vcc 

bq2000 fast-charge maximum time-out (MTO) 

2 * Rmto * Cmto * 35,988 

Fast-charge charging current (Imax) 

0.05/Rsns 

Hold-off period 

MTO/32 

Minimum current (for fast-charge termination) 

Imax/7 

Trickle-charge frequency (before fast charge only) 

1Hz 

Trickle-charge pulse-width (before fast charge only) 

See Figure 7 


*Please refer to DC Thresholds Specification for details. 
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Table 4. Temperature-Monitoring Conditions 


Temperature 

Condition 

Action 

Vts > Vltf 

Cold battery — checked at all times 

Suspends fast charge or top-off and timer 

Allows trickle charge — LED flashes at 1Hz rate 
during pre-charge qualification and fast charge 

Vhtf < Vts < Vltf 

Optimal operating range 

Allows charging 

Vts < Vhtf 

Hot battery — checked during charge quali- 
fication and top-off and trickle- charge 

Suspends fast-charge initiation, does not allow 
trickle charge — LED flashes at 1Hz rate during 
pre-charge qualification and fast charge 

Vts < Vtco 

Battery exceeding maximum allowable 
temperature — checked at all times 

Terminates fast charge or top-off 


■ High-temperature fault voltage: Vhtf = 0.25 * Vcc This 
voltage corresponds to the temperature (HTF) at which 
fast charging is allowed to begin. 

■ Low-temperature fault voltage: Vltf = 0.5 * Vcc 

This voltage corresponds to the minimum temperature 
(LTF) at which fast charging or top-off is allowed. If the 
voltage on pin TS rises above Vltf, the bq2000 
suspends fast charge or top-off but does not terminate 
charge. When the voltage falls back below Vltf, fast 
charge or top-off resumes from the point where 
suspended. Trickle-charge is allowed during this 
condition. 


Sleep Mode 

The bq2000 features a sleep mode for low power con- 
sumption. This mode is enabled when the voltage at pin 
BAT is above the low-power-mode threshold, Vslp. Dur- 
ing sleep mode, the bq2000 shuts down all internal cir- 
cuits, drives the LED output to high-impedance state, 
and drives pin MOD to low. Restoring BAT below the 
Vmcv threshold initiates the IC and starts a fast-charge 
cycle. 


Table 4 summarizes these various conditions. 


Charge Status Display 

The charge status is indicated by open-drain output 
LED. Table 5 summarizes the display output of the 
bq2000. 


Table 5. Charge Status Display 


Figure 9. Current-Sensing Circuit 


Charge Action State 

LED Status 

Battery absent 

High impedance 

Pre-charge qualification 

1Hz flash 

Trickle charge (before fast charge) 

1Hz flash 

Fast charging 

Low 

Top-off or trickle (after fast charge, 
NiCd, NiMH only) 

High impedance 

Charge complete 

High impedance 

Sleep mode 

High impedance 

Charge suspended (Vts > Vltf) 

1Hz flash 


, R < i 

SNS 

j ? vVv T 

— ^ Rsns 'T' C f 


i • i 2 


X 

v ss 

V 

bq2000 


BAT- > 


^7 bq2000 ground 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin, ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 


Tstg 

Storage temperature 

-40 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10s max. 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (Ta = TOPR; VCC = 5V ±20% unless otherwise specified) 


Symbol 

Parameter 

Ratina 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.225 * Vcc 

±5% 

V 

Voltage at pin TS 

Vhtf 

High-temperature fault 

0.25 * Vcc 

±5% 

V 

Voltage at pin TS 

Vltf 

Low-temperature fault 

0.5 * Vcc 

±5% 

V 

Voltage at pin TS 

Vmcv 

Maximum cell voltage 

2.00 

±0.75% 

V 

Vbat > Vmcv inhibits 
fast charge 

Vlbat 

Minimum cell voltage 

950 

±5% 

mV 

Voltage at pin BAT 

PVD 

BAT input change for PVD detection 

3.8 

±20% 

mV 


VsNSHI 

High threshold at SNS, resulting in 
MOD-low 

50 

±10 

mV 

Voltage at pin SNS 

VsNSLO 

Low threshold at SNS, resulting in 
MOD-high 

-50 

±10 

mV 

Voltage at pin SNS 

VsLP 

Sleep-mode input threshold 

Vcc - 1 

±0.5 

V 

Applied to pin BAT 

Vrch 

Recharge threshold 

Vmcv - 0.1 

±0.02 

V 

At pin BAT 
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Recommended DC Operating Conditions (ta = topr> 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Icc 

Supply current 

- 

0.5 

1 

mA 

Exclusive of external loads 

Ices 

Sleep current 

- 

- 

5 

pA 

Vbat = VsLP 

Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VoH 

Output high 

Vcc - 0.2 

- 

- 

V 

MOD, Ioh = 20mA 

VOL 

Output low 

- 

- 

0.2 

V 

MOD, LED, Iol = 20mA 

Ioz 

High-impedance leakage 
current 

- 

- 

5 

pA 

LED 

Isnk 

Sink current 

- 

- 

20 

mA 

MOD, LED 

Rmto 

Charge timer resistor 

2 

- 

250 

kQ 


Cmto 

Charge timer capacitor 

0.001 

- 

1.0 

pF 



Note: All voltages relative to Vss except as noted. 


Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

10 

- 

- 

MQ 

Rts 

TS input impedance 

10 

- 

- 

MQ 

Rsns 

SNS input impedance 

10 

- 

- 

MQ 


Timing (Ta = Tqpr; Vcc = 5V ±20% unless otherwise specified) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

dMTO 

MTO time-base variation 

-5 

- 

+5 

% 

fTRKL 

Pulse-trickle frequency 

0.9 

1.0 

1.1 

Hz 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

4 

MTO equation 

Was: MTO = R * C * 71,976 

Is: MTO = Rmto * Cmto * 35,988 

1 

6 

Trickle-pulse width 
equation 

Replaced equation with Figure 6 

1 

7 

Figure 7 

Schematic updated 

1 

10 

Vtco, Vhtf, Vltf 

Tolerance updated 

1 

11 

Rmto, Cmto 

Values updated 

2 

8 

Vlbat 

Corrected values in Tables 2 and 3 

3 

1, 13 

Package option 

Added TSSOP 

3 

3 

State diagram 

Added 

3 

8 

Schematic updated 


3 

11 

Vtso, Vhtf, Vltf 

Tolerance updated 

3 , 

7 

Top-off charge 

Updated requirement for enabling top-off 


Note: Change 1 = Jan. 1999 B changes to Final from Sept. 1998 Preliminary data sheet. 

Change 2 = Mar. 1999 C changes from Jan. 1999 B. 

Change 3 = May 1999 D changes from Mar. 1999 C. 


Ordering Information 


bq2000 


L Package Option: 

PN = 8-pin narrow plastic DIP 
SN = 8-pin narrow SOIC 
TS = 8-pin TSSOP 

— Device: 

bq2000 Multi-Chemistry Fast-Charge IC with Peak Voltage 
Detection 
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Features 

> Safe management of fast 
charge for NiCd, NiMH, or Li- 
Ion battery packs 

> High-frequency switching con- 
troller for efficient and simple 
charger design 

> Pre-charge qualification for 
detecting shorted, damaged, or 
overheated cells 

V Fast-charge termination by 
AT/At minimum current 
(Li-Ion), maximum tempera- 
ture, and maximum charge 
time 

>* Selectable top-off mode for 
achieving maximum capacity in 
NiMH batteries 

> Programmable trickle-charge 
mode for reviving deeply dis- 
charged batteries and for post- 
charge maintenance 

> Built-in battery removal and 
insertion detection 

> Sleep mode for low power 
consumption 


Pin Connections 


bq2000T 

Programmable Multi-Chemistry 
Fast-Charge Management 1C 


General Description 

The bq2000T is a programmable, 
monolithic IC for fast-charge manage- 
ment of nickel cadmium (NiCd), 
nickel metal-hydride (NiMH), or lith- 
ium-ion (Li-Ion) batteries in single- or 
multi-chemistry applications. The 
bq2000T detects the battery chemis- 
try and proceeds with the optimal 
charging and termination algorithms. 
This process eliminates undesirable 
undercharged or overcharged condi- 
tions and allows accurate and safe 
termination of fast charge. 

Depending on the chemistry, the 
bq2000T provides a number of 
charge termination criteria: 

■ Rate of temperature rise, AT/At (for 
NiCd and NiMH) 

■ Minimum charging current (for 
Li-Ion) 

■ Maximum temperature 

■ Maximum charge time 


For safety, the bq2000T inhibits fast 
charge until the battery voltage and 
temperature are within user-defined 
limits. If the battery voltage is below 
the low-voltage threshold, the 
bq2000T uses trickle-charge to 
condition the battery. For NiMH 
batteries, the bq2000T provides an 
optional top-off charge to maximize 
the battery capacity. 

The integrated high-frequency com- 
parator allows the bq2000T to be the 
basis for a complete, high-efficiency 
power-conversion circuit for both 
nickel-based and lithium-based 
chemistries. 


Pin Names 


SNS Q 

<C7“ 

1 

8 

2 } MOD 

vssE 

2 

7 

□ Vcc 

LED Q 

3 

6 

RC 

BAT Q 

4 

5 

TS 


8-Pin DIP or Narrow SOIC 
or TSSOP 

PN-2000.eps 
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SNS Current-sense input 

Vss System ground 

LED Charge-status 

output 

BAT Battery-voltage 

input 


TS 

Temperature-sense 


input 

RC 

Timer-program input 

Vcc 

Supply-voltage input 

MOD 

Modulation-control 


output 
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Pin Descriptions 

SNS Current-sense input 

Enables the bq2000T to sense the battery 
current via the voltage developed on this pin 
by an external sense-resistor connected in 
series with the battery pack 

Vss System Ground 

LED Charge-status output 

Open-drain output that indicates the charg- 
ing status by turning on, turning off, or 
flashing an external LED 

BAT Battery-voltage input 

Battery-voltage sense input. A simple resistive 
divider, across the battery terminals, generates 
this input. 

TS Temperature-sense input 

Input for an external battery-temperature 
monitoring circuit. An external resistive di- 
vider network with a negative tempera- 
ture-coefficient thermistor sets the lower 
and upper temperature thresholds. 


RC Timer-program input 

RC input used to program the maximum 
charge-time, hold-off period, and trickle 
rate during the charge cycle, and to disable 
or enable top-off charge 

Vcc Supply-voltage input 

MOD Modulation-control output 

Push-pull output that controls the charging 
current to the battery. MOD switches high 
to enable charging current to flow and low to 
inhibit charging- current flow. 

Functional Description 

The bq2000T is a versatile, multi-chemistry battery- 
charge control device. See Figure 1 for a functional block 
diagram and Figure 2 for the state diagram. 


BAT 


RC 


TS 



SNS V CC V SS 

BD2000T.eps 


Figure 1. Functional Block Diagram 
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Figure 2. State Diagram 
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Initiation and Charge Qualification 

The bq2000T initiates a charge cycle when it detects 

■ Application of power to Vcc 

■ Battery replacement 

■ Exit from sleep mode 

■ Capacity depletion (Li-Ion only) 

Immediately following initiation, the IC enters a 
charge-qualification mode. The bq2000T charge qualifi- 
cation is based on battery voltage and temperature. If 
voltage on pin BAT is less than the internal threshold, 
Vlbat, the bq2000T enters the charge-pending state. 
This condition indicates the possiblility of a defective or 
shorted battery pack. In an attempt to revive a fully 
depleted pack, the bq2000T enables the MOD pin to 
trickle-charge at a rate of once every 1.0s. As explained 
in the section “Top-Off and Pulse-Trickle Charge,” the 
trickle pulse-width is user-selectable and is set by the 
value of the resistance connected to pin RC. 

During this period, the LED pin blinks at a 1Hz rate, 
indicating the pending status of the charger. 

Similarly, the bq2000T suspends fast charge if the battery 
temperature is outside the Vltf to Vhtf range. (See Table 
4.) For safety reasons, however, it disables the pulse 
trickle, in the case of a battery over-temperature condition 
(i.e., Vts < Vhtf). Fast charge begins when the battery 
temperature and voltage are valid. 


Battery Chemistry 

The bq2000T detects the battery chemistry by monitor- 
ing the battery- volt age profile during fast charge. If the 
voltage on BAT input rises to the internal Vmcv refer- 
ence, the IC assumes a Li-Ion battery. Otherwise the 
bq2000T assumes NiCd/NiMH chemistry. 

As shown in Figure 6, a resistor voltage-divider between 
the battery pack’s positive terminal and Vss scales the 
battery voltage measured at pin BAT. In a 
mixed-chemistry design, a common voltage-divider is 
used as long as the maximum charge voltage of the 
nickel-based pack is below that of the Li-Ion pack. Oth- 
erwise, different scaling is required. 

Once the chemistry is determined, the bq2000T 
completes the fast charge with the appropriate charge 
algorithm (Table 1). The user can customize the 
algorithm by programming the device using an external 
resistor and a capacitor connected to the RC pin, as 
discussed in later sections. 

NiCd and NiMH Batteries 

Following qualification, the bq2000T fast-charges NiCd 
or NiMH batteries using a current-limited algorithm. 
During the fast-charge period, it monitors charge time, 
temperature, and voltage for adherence to the termina- 
tion criteria. This monitoring is further explained in 
later sections. Following fast charge, the battery is 
topped off, if top-off is selected. The charging cycle ends 



Vmcv 


Vlbat 


CD 

CD 

£ 

o 

> 


Figure 3. Lithium-Ion Charge Algorithm 
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Table 1 . Charge Algorithm 


Battery Chemistry 

Charqe Alqorithm 

NiCd or NiMH 

1. Charge qualification 

2. Trickle charge, if required 

3. Fast charge (constant current) 

4. Charge termination (AT/At, time) 

5. Top-off (optional) 

6. Trickle charge 

Li-Ion 

1. Charge qualification 

2. Trickle charge, if required 

3. Two-step fast charge (constant current followed by constant voltage) 

4. Charge termination (minimum current, time) 


with a trickle maintenance-charge that continues as 
long as the voltage on pin BAT remains below Vmcv. 

Lithium-Ion Batteries 

The bq2000T uses a two-phase fast-charge algorithm for 
Li-Ion batteries (Figure 3). In phase one, the bq2000T 
regulates constant current until Vbat rises to Vmcv. The 
bq2000T then moves to phase two, regulates the battery 
with constant voltage of Vmcv, and terminates when the 
charging current falls below the Imin threshold. A new 
charge cycle is started if the cell voltage falls below the 
Vrch threshold. 

During the current-regulation phase, the bq2000T 
monitors charge time, battery temperature, and battery 
voltage for adherence to the termination criteria. During 
the final constant-voltage stage, in addition to the 
charge time and temperature, it monitors the charge 
current as a termination criterion. There is no 
post-charge maintenance mode for Li-Ion batteries. 

Charge Termination 

Maximum Charge Time (NiCD, NiMH, and 
Li-Ion) 

The bq2000T sets the maximum charge-time through 
pin RC. With the proper selection of external resistor 
and capacitor, various time-out values may be achieved. 
Figure 4 shows a typical connection. 

The following equation shows the relationship between 
the Rmto and Cmto values and the maximum charge 
time (MTO) for the bq2000T: 

MTO = Rmto * Cmto * 35,988 

MTO is measured in minutes, Rmto in ohms, and Cmto 
in farads. (Note: Rmto and Cmto values also determine 
other features of the device. See Tables 2 and 3 for de- 
tails.) 

For Li-Ion cells, the bq2000T resets the MTO when the 
battery reaches the constant-voltage phase of the 


charge. This feature provides the additional charge time 
required for Li-Ion cells. 

Maximum Temperature (NiCd, NiMH, Li-Ion) 

A negative-coefficient thermistor, referenced to Vss and 
placed in thermal contact with the battery, may be used 
as a temperature-sensing device. Figure 5 shows a typi- 
cal temperature-sensing circuit. 

During fast charge, the bq2000T compares the battery 
temperature to an internal high-temperature cutoff 
threshold, Vtco. As shown in Table 4, high-temperature 
termination occurs when voltage at pin TS is less than 
this threshold. 

AT/At (NiCd, NiMH) 

When fast charging, the bq2000T monitors the voltage 
at pin TS for rate of temperature change detection, 
AT/At. The bq2000T samples the voltage at the TS pin 
every 16s and compares it to the value measured 2 sam- 
ples earlier. This feature terminates fast charge if this 
voltage declines at a rate of 

Vcc MM 

161 1 Min J 

Figure 5 shows a typical connection diagram. 

Minimum Current (Li-Ion Only) 

The bq2000T monitors the charging current during the 
voltage-regulation phase of Li-Ion batteries. Fast charge 
is terminated when the current is tapered off to 7% of 
the maximum charging current. Please note that this 
threshold is different for the bq2000. 

Initial Hold-Off Period 

The values of the external resistor and capacitor con- 
nected to pin RC set the initial hold-off period. During 
this period, the bq2000T avoids early termination by 
disabling the AT/At feature. This period is fixed at the 
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Figure 6. Battery Voltage Divider 
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programmed value of the maximum charge time divided 
by 32. 


hold-off period = 


maximum time - out 
32 


Top-Off and Pulse-Trickle Charge 

An optional top-off charge is available for NiCd or NiMH 
batteries. Top-off may be desirable on batteries that 
have a tendency to terminate charge before reaching full 
capacity. To enable this option, the capacitance value of 
Cmto connected to pin RC (Figure 4) should be greater 
than 0. 13jLtF, and the value of the resistor connected to 
this pin should be less than 15k£l To disable top-off, the 
capacitance value should be less than 0.07pF. The toler- 
ance of the capacitor needs to be taken into account in 
component selection. 

Once enabled, the top-off is performed over a period 
equal to the maximum charge time at a rate of %q that 
of fast charge. 

Following top-off, the bq2000T trickle-charges the bat- 
tery by enabling the MOD to charge at a rate of once ev- 
ery 1.0 second. The trickle pulse-width is user-selectable 
and is set by the value of the resistor Rmto, which is on 
pin RC. Figure 7 shows the relationship between the 
trickle pulse-width and the value of Rmto. The typical 
tolerance of the pulsewidth below 150kO is ±10%. 


Charge Current Control 


The bq2000T controls the charge current through the 
MOD output pin. The current-control circuit supports a 
switching-current regulator with frequencies up to 
500kHz. The bq2000T monitors charge current at the 
SNS input by the voltage drop across a sense-resistor, 
Rsns, in series with the battery pack. See Figure 9 for a 
typical current-sensing circuit. Rsns is sized to provide 
the desired fast-charge current (Imax): 


Imax 


0.05 

Rsns 


If the voltage at the SNS pin is greater than Vsnslo or 
less than Vsnshi, the bq2000T switches the MOD output 
high to pass charge current to the battery. When the 
SNS voltage is less than Vsnslo or greater than Vsnshi, 
the bq2000T switches the MOD output low to shut off 
charging current to the battery. Figure 8 shows a typical 
multi-chemistry charge circuit. 


Voltage Input 

As shown in Figure 6, a resistor voltage-divider between 
the battery pack’s positive terminal and Vss scales the 
battery voltage measured at pin BAT. 

For Li-Ion battery packs, the resistor values Rbi and 
Rb 2 are calculated by the following equation: 


During top-off and trickle-charge, the bq2000T monitors 
battery voltage and temperature. These functions are 
suspended if the battery voltage rises above the 
maximum cell voltage (Vmcv) or if the temperature 
exceeds the high-temperature fault threshold (Vhtf). 


Rbi 7 n , Vcell V ^ 

Rb 2 v Vmcv J 

where N is the number of cells in series and Vcell is the 
manufacturer-specified charging voltage. The end-to-end 
input impedance of this resistive divider network should 
be at least 200k£2 and no more than 1M£2. 
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Figure 7. Relationship Between Trickle Pulse-Width and Value of Rmto 
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NOTES: 1. For Li-Ion, the CHEMISTRY is left floating. 

For NiCd/NiMH, the CHEMISTRY is tied to BAT- 

2. DC input voltage: 9-1 6V 

3 . Charge current: 1A Pnio3iao2.eps 

4. LI: 3L Global P/N PKSMD-1005-470K-1A 


Figure 8. Single-Cell Li-Ion, Three-Cell NiCd/NiMH 1 A Charger 
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Table 2. Summary of NiCd or NiMH Charging Characteristics 


Parameter 

Value 

Maximum cell voltage (Vmcv) 

2V 

Minimum pre-charge qualification voltage (Vlbat) 

950mV 

High-temperature cutoff voltage (Vtco) 

0.225 * Vcc 

High-temperature fault voltage (Vhtf) 

0.25 * Vcc 

Low-temperature fault voltage (Vltf) 

0.5 * Vcc 

bq2000T fast-charge maximum time out (MTO) 

Rmto * Cmto * 35,988 

Fast-charge charging current (Imax) 

0.05/Rsns 

Hold-off period 

MTO/32 

Top-off charging current (optional) 

Imax/16 

Top-off period (optional) 

MTO 

Trickle-charge frequency 

1Hz 

Trickle-charge pulse-width 

See Figure 7 


A NiCd or NiMH battery pack consisting of N se- 
ries-cells may benefit by the selection of the Rbi value to 
be N-l times larger than the Rb 2 value. 

In a mixed-chemistry design, a common voltage-divider 
is used as long as the maximum charge voltage of the 
nickel-based pack is below that of the Li-Ion pack. Oth- 
erwise, different scaling is required. 

Temperature Monitoring 

The bq2000T measures the temperature by the voltage 
at the TS pin. This voltage is typically generated by a 
negative-temperature-coefficient thermistor. The 


bq2000T compares this voltage against its internal 
threshold voltages to determine if charging is safe. 
These thresholds are the following: 

■ High-temperature cutoff voltage: Vtco = 0.225 * Vcc 
This voltage corresponds to the maximum 
temperature (TCO) at which fast charging is allowed. 
The bq2000T terminates fast charge if the voltage on 
pin TS falls below Vtco- 

■ High-temperature fault voltage: Vhtf = 0.25 * Vcc This 
voltage corresponds to the temperature (HTF) at which 
fast charging is allowed to begin. 

■ Low-temperature fault voltage: Vltf = 0.5 * Vcc 

This voltage corresponds to the minimum temperature 


Table 3. Summary of Li-Ion Charging Characteristics 


Parameter 

Value 

Maximum cell voltage (Vmcv) 

2V 

Minimum pre-charge qualification voltage (Vlbat) 

950mV 

High-temperature cutoff voltage (Vtco) 

0.225 * Vcc 

High-temperature fault voltage (Vhtf) 

0.25 * Vcc 

Low-temperature fault voltage (Vltf) 

0.5 * Vcc 

bq2000T fast-charge maximum time-out (MTO) 

2 * Rmto * Cmto * 35,988 

Fast-charge charging current (Imax) 

0.05/Rsns 

Hold-off period 

MTO/32 

Minimum current (for fast-charge termination) 

Imax/7 

Trickle-charge frequency (before fast charge only) 

1Hz 

Trickle-charge pulse-width (before fast charge only) 

See Figure 7 
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Table 4. Temperature-Monitoring Conditions 


Temperature 

Condition 

Action 

Vts > Vltf 

Cold battery — checked at all times 

Suspends fast charge or top-off and timer 

Allows trickle charge — LED flashes at 1Hz rate 
during pre-charge qualification and fast charge 

Vhtf < Vts < Vltf 

Optimal operating range 

Allows charging 

Vts < Vhtf 

Hot battery — checked during charge quali- 
fication and top-off and trickle-charge 

Suspends fast-charge initiation, does not allow 
trickle charge — LED flashes at 1Hz rate during 
pre-charge qualification 

Vts < Vtco 

Battery exceeding maximum allowable 
temperature — checked at all times 

Terminates fast charge or top-off 


(LTF) at which fast charging or top-off is allowed. If the 
voltage on pin TS rises above Vltf, the bq2000T 
suspends fast charge or top-off but does not terminate 
charge. When the voltage falls back below Vltf, fast 
charge or top-off resumes from the point where 
suspended. Trickle-charge is allowed during this 
condition. 

Table 4 summarizes these various conditions. 

Charge Status Display 


Sleep Mode 

The bq2000T features a sleep mode for low power con- 
sumption. This mode is enabled when the voltage at pin 
BAT is above the low-power-mode threshold, Vslp- Dur- 
ing sleep mode, the bq2000T shuts down all internal cir- 
cuits, drives the LED output to high-impedance state, 
and drives pin MOD to low. Restoring BAT below the 
Vmcv threshold initiates the IC and starts a fast-charge 
cycle. 


The charge status is indicated by open-drain output 
LED. Table 5 summarizes the display output of the 
bq2000T. 


Table 5. Charge Status Display 


Charge Action State 

LED Status 

Battery absent 

High impedance 

Pre-charge qualification 

1Hz flash 

Trickle charge (before fast charge) 

1Hz flash 

Fast charging 

Low 

Top-off or trickle (after fast charge, 
NiCd, NiMH only) 

High impedance 

Charge complete 

High impedance 

Sleep mode 

High impedance 

Charge suspended (Vts > Vltf) 

1Hz flash 


BAT- > 


, R < i 

SNS 

j_ * vvv T 

— £ Rsns C f 


> l . i 2 


* r* 

v ss 

V 

bq2000T 


^ bq2000 ground 

V 2000TCS.eps 


Figure 9. Current-Sensing Circuit 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

— 

DC voltage applied on any pin, ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 


Tstg 

Storage temperature 

-40 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10s max. 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to 
conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (TA = TOPR; Vcc = 5V ±20% unless otherwise specified) 


Symbol 

Parameter 

Ratina 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.225 * Vcc 

±5% 

V 

Voltage at pin TS 

Vhtf 

High-temperature fault 

0.25 * Vcc 

±5% 

V 

Voltage at pin TS 

Vltf 

Low-temperature fault 

0.5 * Vcc 

±5% 

V 

Voltage at pin TS 

Vmcv 

Maximum cell voltage 

2.00 

±0.75% 

V 

Vbat > Vmcv inhibits 
fast charge 

Vlbat 

Minimum cell voltage 

950 

±5% 

mV 

Voltage at pin BAT 

Vtherm 

TS input change for AT/At detection 

Vcc 

_ 161 

±25% 

V/Min 


VsNSHI 

High threshold at SNS, resulting in 
MOD-low 

50 

±10 

mV 

Voltage at pin SNS 

VsNSLO 

Low threshold at SNS, resulting in 
MOD-high 

-50 

±10 

mV 

Voltage at pin SNS 

VsLP 

Sleep-mode input threshold 

Vcc - 1 

±0.5 

V 

Applied to pin BAT 

Vrch 

Recharge threshold 

Vmcv - 0.1 

±0.02 

V 

At pin BAT 
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Recommended DC Operating Conditions (ta = topr) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Icc 

Supply current 

- 

0.5 

1 

mA 

Exclusive of external loads 

Ices 

Sleep current 

- 

- 

5 

pA 

Vbat = Vslp 

Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VoH 

Output high 

Vcc - 0.2 

- 

- 

V 

MOD, Ioh = 20mA 

VoL 

Output low 

- 

- 

0.2 

V 

MOD, LED, Iol = 20mA 

Ioz 

High-impedance leakage 
current 

- 

- 

5 

nA 

LED 

Isnk 

Sink current 

- 

- 

20 

mA 

MOD, LED 

Rmto 

Charge timer resistor 

2 


250 

kO 


Cmto 

Charge timer capacitor 

0.001 

- 

1.0 

pF 



Note: All voltages relative to Vss except as noted. 


Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

10 

- 

- 

MCI 

Rts 

TS input impedance 

10 

- 

- 

MCI 

Rsns 

SNS input impedance 

10 

- 

- 

MCI 


Timing (TA = TOPR; Vcc = 5V ±20% unless otherwise specified) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

dMTO 

MTO time-base variation 

-5 

- 

+5 

% 

fTRKL 

Pulse-trickle frequency 

0.9 

1.0 

1.1 

Hz 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

5 

Minimum current termination 

Was: 14% 

Is: 7% 

1 

3 

Added state diagram 


1 

7 

Changed capacitor value for en- 

Was: 0.13pF 

JL 

i 

abling top-off 

Is: 0.26pF 

1 

8 

Figure 8 

Schematic updated 

1 

10 i 

Vtco, Vhtf, Vltf 

Tolerance updated 


Note: Change 1 = May 1999 B changes to Final from Jan. 1999 Preliminary data sheet. 


Ordering Information 


bq2000T 


L Package Option: 

PN = 8-pin narrow plastic DIP 
SN = 8-pin narrow SOIC 
TS = 8-pin TSSOP 


' — Device: 

bq2000T Multi-Chemistry Fast-Charge IC with AT/At Detection 
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Product Brief DV2000S1 


UNITRODE 

Multi-Chemistry Switching Charger 

Development System 


Features 

> Safe management of fast charge for NiCd, NiMH, or 
Li-Ion battery packs 

> On-board switching regulation for up to 3A charge 
current (set to 1A for shipment) 

V Fast-charge termination by peak voltage (bq2000), 
AT/At(bq2000T), minimum current (Li-Ion), 
maximum temperature, or maximum charge time 

>- Programmable charge rate and time-out 

>■ Programmable top-off option for NiMH packs 

>- Trickle charge for conditioning deeply discharged 
batteries 

>- Charge-status LED 

V Direct battery connection 

General Description 

The DV2000S1 is a complete development and evalua- 
tion environment for bq2000 and bq2000T 
multi-chemistry charge- control ICs. The DV2000S1 sup- 
ports up to 4 Li-Ion or 10 NiCd/NiMH cells and can be 
user-programmed for other cell counts. 

Charge qualification precedes fast charge. During quali- 
fication, full-charge current is inhibited if the battery 
voltage or temperature is outside predetermined and 
user-defined thresholds, indicating a battery pack that is 
deeply discharged, shorted, hot, or cold. During the qual- 
ification interval, the LED flashes at a 1Hz rate. In the 
case of a low battery voltage, the IC applies a 
low-current trickle charge in an attempt to revive the 
battery or to close the pack protector’s discharge switch. 
When battery voltage and temperature reach the re- 
quired thresholds, full charge begins. 



The bq2000/T completes the fast charge with the appro- 
priate charge algorithm. If the voltage on BAT input 
rises to the internal Vmcv threshold, the IC assumes a 
Li-Ion battery. Otherwise, the bq2000 assumes 
NiCd/NiMH chemistry. The user can further customize 
the algorithm by programming the device for top-off op- 
tion (NiCd/NiMH only) and time-out period. 

Please review the bq2000 and bq2000T data sheets be- 
fore using the DV2000S1 board. 
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UNITRODE = 

NiCd/NiMH Fast-Charge Management ICs 


Features 

Fast charge of nickel cadmium 
or nickel-metal hydride batter- 
ies 

>* Direct LED output displays 
charge status 

>■ Fast-charge termination by -AV, 
maximum voltage, maximum 
temperature, and maximum 
time 

>- Internal band-gap voltage ref- 
erence 

>■ Optional top-off charge 

>■ Selectable pulse trickle charge 
rates 

> Low-power mode 

> 8-pin 300-mil DIP or 150-mil 

SOIC 


General Description 

The bq2002 and bq2002/F Fast-Charge 
ICs are low-cost CMOS battery-charge 
controllers providing reliable charge 
termination for both NiCd and NiMH 
battery applications. Controlling a 
current-limited or constant-current 
supply allows the bq2002/F to be the 
basis for a cost-effective stand-alone or 
system-integrated charger. The 
bq2002/F integrates fast charge with 
optional top-off and pulsed-trickle con- 
trol in a single IC for charging one or 
more NiCd or NiMH battery cells. 

Fast charge is initiated on application 
of the charging supply or battery re- 
placement. For safety, fast charge is 
inhibited if the battery temperature 
and voltage are outside configured 
limits. 


Fast charge is terminated by any of 
the following: 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, the bq2002/F op- 
tionally tops-off and pulse-trickles the 
battery per the pre-configured limits. 
Fast charge may be inhibited using 
the INH pin. The bq2002/F may also 
be placed in low-standby-power mode 
to reduce system power consumption. 

The bq2002F differs from the 
bq2002 only in that a slightly differ- 
ent set of fast-charge and top-off 
time limits is available. All differ- 
ences between the two ICs are illus- 
trated in Table 1. 


Pin Connections 



W" 


TM 

1 8 

2 CC 

LED [2 

2 7 

2 INH 

BAT 

3 6 

□ Vcc 

vss C 

4 5 

□ TS 


8-Pin DIP or 



Narrow SOIC 



PN-200201.eps 1 


Pin Names 

TM Timer mode select input 

LED Charging status output 

BAT Battery voltage input 

V ss System ground 


TS Temperature sense input 

V cc Supply voltage input 

INH Charge inhibit input 

CC Charge control output 


bq2002/F Selection Guide 


Part No. 

TCO 

HTF 

LTF 

-AV 

PVD 

Fast Charge 

tMTO 

Top-Off 

Maintenance 






✓ 

C/2 

160 

C/32 

C/64 

bq2002 

0.5 * Vcc 

None 

None 


✓ 

1C 

80 

C/16 

C/64 





✓ 


2C 

40 

None 

C/32 






✓ 

C/2 

160 

C/32 

C/64 

bq2002F 

0.5 * Vcc 

None 

None 


✓ 

1C 

100 

C/16 

C/64 





✓ 


2C 

55 

None 

C/32 


1/99 D 


1/8 


3-35 





bq2002/F 


Pin Descriptions 

TM Timer mode input 

A three-level input that controls the settings 
for the fast charge safety timer, voltage ter- 
mination mode, top-off, pulse-trickle, and 
voltage hold-off time. 

LED Charging output status 

Open-drain output that indicates the charging 
status. 

BAT Battery input voltage 

The battery voltage sense input. The input to 
this pin is created by a high-impedance re- 
sistor divider network connected between 
the positive and negative terminals of the 
battery. 

Vss System ground 


CC Charge control output 

An open-drain output used to control the 
charging current to the battery. CC switch- 
ing to high impedance (Z) enables charging 
current to flow, and low to inhibit charging 
current. CC is modulated to provide top-off, 
if enabled, and pulse trickle. 

Functional Description 

Figure 2 shows a state diagram and Figure 3 shows a 
block diagram of the bq2002/F. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
single-cell potential for the battery under charge. A 
resistor-divider ratio of 


TS Temperature sense input 

Input for an external battery temperature 
monitoring thermistor. 

Vcc Supply voltage input 

5.0V ±20% power input. 

INH Charge inhibit input 

When high, INH suspends the fast charge in 
progress. When returned low, the IC re- 
sumes operation at the point where initially 
suspended. 


RB2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kQ and less than 1 MO. 

A ground-referenced negative temperature coefficient 
thermistor placed near the battery may be used as a low- 
cost temperature-to-voltage transducer. The temperature 
sense voltage input at TS is developed using a resistor- 
thermistor network between Vcc and Vss. See Figure 1. 




BAT pin connection Mid-level Thermistor connection 

setting for TM 

NTC = negative temperature coefficient thermistor. 

Fg2002/F01.eps 


Figure 1. Voltage and Temperature Monitoring and TM Pin Configuration 
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Vcc = 0 

Fast Charging 

Top-Off 

Pulse-Trickle 

Fast Charging 


(optional) 



TD2002F1.eps 


Figure 4. Charge Cycle Phases 


Starting A Charge Cycle 

Either of two events starts a charge cycle (see Figure 4): 

1. Application of power to Vcc or 

2. Voltage at the BAT pin falling through the maximum 
cell voltage Vmcv where 

Vmcv = 2V ±5%. 

If the battery is within the configured temperature and 
voltage limits, the IC begins fast charge. The valid bat- 
tery voltage range is Vbat < Vmcv. The valid tempera- 
ture range is Vts > Vtco where 

Vtco = 0.5 * Vcc ±5%. 


If the battery voltage or temperature is outside of these 
limits, the IC pulse-trickle charges until the next new 
charge cycle begins. 

Fast charge continues until termination by one or more of 
the five possible termination conditions: 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 


Table 1 . Fast-Charge Safety Time/Hold-Off Table 


Corresponding 

Fast-Charge 

Rate 

TM 

Termination 

Typical Fast-Charge 
and Top-Off 

Time Limits 
(minutes) 

Typical PVD 
and-AV Hold-Off 
Time (seconds) 

Top-Off 

Rate 

Pulse- 

Trickle 

Rate 

Pulse- 

Trickle 

Period 

(ms) 

bq2002 

bq2002F 

C/2 

Mid 

PVD 

160 

160 

600 

C/32 

C/64 

9.15 

1C 

Low 

PVD 

80 

100 

300 

C/16 

C/64 

18.3 

2C 

High 

-AV 

40 

40 

150 

Disabled 

C/32 

18.3 


Notes: Typical conditions = 25°C, Vcc = 5.0V. 

Mid = 0.5 * Vcc ±5V 
Tolerance on all timing is ±20%. 
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PVD and -AV Termination 

There are two modes for voltage termination depending 
on the state of TM. For -AV (TM = high), if Vbat is 
lower than any previously measured value by 12mV 
±3mV, fast charge is terminated. For PVD (TM = low or 
mid), a decrease of 2.5mV ±2.5mV terminates fast 
charge. The PVD and -AV tests are valid in the range 
IV < Vbat < 2V. 

Voltage Sampling 

Voltage is sampled at the BAT pin for PVD and -AV ter- 
mination once every 17s. The sample is an average of 
voltage measurements taken 57ps apart. The IC takes 
32 measurements in PVD mode and 16 measurements 
in -AV mode. The resulting sample periods (9.17 and 
18.18ms, respectively) filter out harmonics centered 
around 55 and 109Hz. This technique minimizes the ef- 
fect of any AC line ripple that may feed through the 
power supply from either 50 or 60Hz AC sources. Toler- 
ance on all timing is ±20%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off time, the PVD and -AV terminations 
are disabled. This avoids premature termination on the 
voltage spikes sometimes produced by older batteries 
when fast-charge current is first applied. Maximum 
voltage and temperature terminations are not affected 
by the hold-off period. 

Maximum Voltage, Temperature, and Time 

Any time the voltage on the BAT pin exceeds the maxi- 
mum cell voltage, Vmcv, fast charge or optional top-off 
charge is terminated. 

Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco. 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/2, 1C, and 2C. Maximum time-out termina- 
tion is enforced on the fast-charge phase, then reset, and 
enforced again on the top-off phase, if selected. There is 
no time limit on the trickle-charge phase. 

Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for 1C and C/2 rates. 
This phase may be necessary on NiMH or other bat- 
tery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time selected 
by the TM pin. (See Table 1.) During top-off, the CC 


pin is modulated at a duty cycle of 286ps active for 
every 4290|lls inactive. This modulation results in an 
average rate l/16th that of the fast charge rate. Maxi- 
mum voltage, time, and temperature are the only ter- 
mination methods enabled during top-off. 

Pulse-Trickle Charge 

Pulse-trickle is used to compensate for self-discharge 
while the battery is idle in the charger. The battery is 
pulse-trickle charged by driving the CC pin active for a 
period of 286jlis for every 18.0ms of inactivity for 1C and 
2C selections, and 286ps for every 8.86ms of inactivity 
for C/2 selection. This results in a trickle rate of C/64 
for the top-off enabled mode and C/32 otherwise. 

TM Pin 

The TM pin is a three-level pin used to select the 
charge timer, top-off, voltage termination mode, trickle 
rate, and voltage hold-off period options. Table 1 de- 
scribes the states selected by the TM pin. The mid- 
level selection input is developed by a resistor di- 
vider between Vcc and ground that fixes the voltage 
on TM at Vcc/2 ± 0.5V. See Figure 4. 

Charge Status Indication 

A fas t charge in progres s is u niquely indicated when the 
LED pin goes low. The LED pin is driven to the high-Z 
state for all conditions other than fast charge. Figure 2 
outlines the state of the LED pin during charge. 

Charge Inhibit 

Fast charge and top-off may be inhibited by using the 
INH pin. When high, INH suspends all fast charge and 
top-off activity and the inte rnal charge timer. INH 
freezes the current state of LED until inhibit is re- 
moved. Temperature monitoring is not affected by the 
INH pin. During charge inhibit, the bq2002/F continues 
to pulse-trickle charge the battery per the TM selection. 
When INH returns low, charge control and the charge 
timer resume from the point where INH became active. 

Low-Power Mode 

The IC enters a low-power state when Vbat is driven 
above the power-down threshold (Vpd) where 

Vp D = Vcc - (IV ±0.5V) 

Both the CC pin and the LED pin are driven to the 
high-Z state. The operating current is reduced to less 
than IgA in this mode. When Vbat returns to a value 
below VpDj the IC pulse-trickle charges until the next 
new charge cycle begins. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°C 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°C 


Tsolder 

Soldering temperature 

- 

+260 

°C 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds <ta = o to 7o°c; vcc ± 20 %) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.5 * Vcc 

±5% 

V 

Vts ^ Vtco inhibits/terminates 
fast charge and top-off 

Vmcv 

Maximum cell voltage 

2 

±5% 

V 

Vbat ^ Vmcv inhibits/terminates 
fast charge and top-off 

-AV 

BAT input change for 
-AV detection 

-12 

±3 

mV 


PVD 

BAT input change for 
PVD detection 

-2.5 

±2.5 

mV 
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Recommended DC Operating Conditions (TA = oto7o°c) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Vdet 

-AV, PVD detect voltage 

1 

- 

2 

V 


Vbat 

Battery input 

0 

- 

Vcc 

V 


Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VlH 

Logic input high 

0.5 

- 

- 

V 

INH 

Logic input high 

Vcc - 0.5 

- 

- 

V 

TM 

Vim 

Logic input mid 

^S£-0.5 

2 

- 

v 

-ICC +0.5 

2 

V 

TM 

Vil 

Logic input low 

- 

- 

0.1 

V 

INH 

Logic input low 

- 

- 

0.5 

V 

TM 

Vol 

Logic output low 

- 

- 

0.8 

V 

LED, CC, Iol = 10mA 

VpD 

Power down 

Vcc - 1.5 

- 

Vcc - 0.5 

V 

Vbat ^ Vpd max. powers 
down bq2002/F; 

Vbat < Vpd min. = 
normal operation. 

Icc 

Supply current 

- 

- 

250 

ra 

Outputs unloaded, 

V cc = 5.1V 

ISB 

Standby current 

- 

- 

1 

hA 

V cc = 5.1V, Vbat = Vpd 

IOL 

LED, CC sink 

10 

- 

- 

mA 

@Vol = Vss + 0.8V 

II 

Input leakage 

- 

- 

±1 

M-A 

INH, CC, V = V ss to Vcc 

Ioz 

Output leakage in 
high-Z state 

-5 

- 

- 

HA 

LED, CC 


Note: All voltages relative to Vss* 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 

MQ 

Rts 

TS input impedance 

50 

- 

- 

MQ 


Timing (TA = oto+7o°c;vcc±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

dFCV 

Time-base variation 

-20 

- 

20 

% 



Note: Typical is at Ta = 25°C, Vcc = 5.0V. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

3 

Was: Table 1 gave the bq2002/F Operational Summary. 

Is: Figure 2 gives the bq2002/F Operational Summary. 

Changed table to figure. 

1 

5 

Added Termination column to table and Top-off values. 

Added column and values. 

2 

All 

Revised and expanded this data sheet to include bq2002F 


3 

1 

Addition of selection guide 



Notes: Change 1 = Sept. 1996 B changes from July 1994. 

Change 2 = Aug. 1997 C changes from Sept. 1996 B. 
Change 3 = Jan. 1999 D changes from Aug. 1997 C. 


Ordering Information 


bq2002/F 


^Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 


Device: 

bq2002 Fast-Charge IC 
bq2002F Fast-Charge IC 
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_ UIMITRODE 


bq2002C 


NiCd/NiMH Fast-Charge Management 1C 


Features 

>■ Fast charge of nickel cadmium 
or nickel-metal hydride batter- 
ies 

> Direct LED output displays 
charge status 

> Fast-charge termination by -AV, 
maximum voltage, maximum 
temperature, and maximum 
time 

> Internal band-gap voltage ref- 
erence 

> Selectable pulse-trickle charge 
rates 

> Low-power mode 

> 8-pin 300-mil DIP or 150-mil 

SOIC 


General Description 

The bq2002C Fast-Charge IC is a low- 
cost CMOS battery-charge controller 
providing reliable charge termination 
for both NiCd and NiMH battery appli- 
cations. Controlling a current-limited 
or constant-current supply allows the 
bq2002C to be the basis for a cost- 
effective stand-alone or system-inte- 
grated charger. The bq2002C inte- 
grates fast charge with pulsed-trickle 
control in a single IC for charging one 
or more NiCd or NiMH battery cells. 

Fast charge is initiated on application 
of the charging supply or battery 
replacement. For safety, fast charge is 
inhibited if the battery temperature 
and voltage are outside configured 
limits. 


Fast charge is terminated by any of 
the following: 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, the bq2002C pulse- 
trickles the battery per the pre- 
configured limits. Fast charge may be 
inhibited using the INH pin. The 
bq2002C may also be placed in low- 
standby-power mode to reduce 
system power consumption. 


Pin Connections 


Pin Names 





TM 

1 8 

cc 

LED 

2 7 

INH 

BAT 

3 6 

□ vex; 

vss C 

4 5 

□ ts 


8-Pin DIP or 

Narrow SOIC 

PN-200201.eps 


TM 

Timer mode select input 

TS 

Temperature sense input 

LED 

Charging status output 

V C c 

Supply voltage input 

BAT 

Battery voltage input 

INH 

Charge inhibit input 

v ss 

System ground 

CC 

Charge control output 


9/97 B 
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Pin Descriptions 

TM Timer mode input 

A three-level input that controls the settings 
for the fast charge safety timer, voltage ter- 
mination mode, pulse-trickle, and voltage 
hold-off time. 

LED Charging output status 

Open-drain output that indicates the charging 
status. 

BAT Battery input voltage 

The battery voltage sense input. The input to 
this pin is created by a high-impedance re- 
sistor divider network connected between 
the positive and negative terminals of the 
battery. 

Vss System ground 

TS Temperature sense input 

Input for an external battery temperature 
monitoring thermistor. 

Vcc Supply voltage input 

5.0V ±20% power input. 

INH Charge inhibit input 

When high, INH suspends the fast charge in 
progress. When returned low, the IC re- 
sumes operation at the point where initially 
suspended. 


CC Charge control output 

An open-drain output used to control the 
charging current to the battery. CC switch- 
ing to high impedance (Z) enables charging 
current to flow, and low to inhibit charging 
current. CC is modulated to provide pulse 
trickle. 

Functional Description 

Figure 2 shows a state diagram and Figure 3 shows a 
block diagram of the bq2002C. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
single-cell potential for the battery under charge. A 
resistor-divider ratio of 


RB2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative 
battery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kU and less than 1 MU. 

A ground-referenced negative temperature coefficient 
thermistor placed near the battery may be used as a low- 
cost temperature-to-voltage transducer. The temperature 
sense voltage input at TS is developed using a resistor- 
thermistor network between Vcc and Vss. See Figure 1. 



Figure 1. Voltage and Temperature Monitoring and TM Pin Configuration 
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Vcc = 0 

Fast Charging 

Pulse-Trickle 

Fast Charging 


CC Output 


y 

< — Is 

r - ~-| ^ 



See 

Table in 

— Charge initiated by application of power 


1 


Charge initiated by battery replacement — 


LED 


TD2002C1.eps 


Figure 4. Charge Cycle Phases 


Starting A Charge Cycle 

Either of two events starts a charge cycle (see Figure 4): 

1. Application of power to Vcc or 

2. Voltage at the BAT pin falling through the maximum 
cell voltage Vmcv where 

Vmcv = 2V ±5%. 

If the battery is within the configured temperature and 
voltage limits, the IC begins fast charge. The valid 
battery voltage range is Vlbat < Vbat < Vmcv, where 

Vlbat = 0.175 * Vcc ±20% 

The valid temperature range is Vts > Vhtf where 

Vhtf = 0.6 * Vcc ±5%. 

If Vbat ^ Vlbat or Vts ^ Vhtf, the IC enters the charge- 


pending state. In this state pulse trickle charge is 
applied to the battery and the LED flashes until the 
voltage and temperature come into the allowed fast 
charge range or Vbat rises above Vmcv. Anytime Vbat 
> Vmcv, the IC enters the Charge Complete/Battery 
Absent state. In this state the LED is off and trickle 
charge is applied to the battery until the next new 
charge cycle begins. 

Fast charge continues until termination by one or more of 
the five possible termination conditions: 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 


Table 1. Fast-Charge Safety Time/Hold-Off Table 


Corresponding 

Fast-Charge 

Rate 

TM 

Termination 

Typical 
Fast- 
Charge 
Time Limits 
(minutes) 

Typical PVD 
and -AV 
Hold-Off 

Time (seconds) 

Pulse- 

Trickle 

Rate 

Pulse- 
Trickle 
Pulse Width 
(ms) 

Maximum 

Synchronized 

Sampling 

Period 

(seconds) 

C/2 

Mid 

PVD 

160 

300 

C/32 

73 

18.7 

1C 

Low 

PVD 

80 

150 

C/32 

37 

18.7 

2C 

High 

-AV 

40 

75 

C/32 

18 

9.4 


Notes: Typical conditions = 25°C, Vcc = 5.0V 

Mid = 0.5 * Vcc ±0.5V 
Tolerance on all timing is ±12%. 
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PVD and -AV Termination 

There are two modes for voltage termination, depend- 
ing on the state of TM. For -AV (TM = high), if Vbat is 
lower than any previously measured value by 12mV 
±3mV, fast charge is terminated. For PVD (TM = low or 
mid), a decrease of 2.5mV ±2.5mV terminates fast 
charge. The PVD and -AV tests are valid in the range 
IV < Vbat < 2V. 

Synchronized Voltage Sampling 

Voltage sampling at the BAT pin for PVD and -AV termi- 
nation may be synchronized to an external stimulus 
using the INH input. Low-high-low input pulses 
between 100ns and 3.5ms in width must be applied at 
the INH pin with a frequency greater than the “maxi- 
mum synchronized sampling period” set by the state of 
the TM pin as shown in Table 1. Voltage is sampled on 
the falling edge of such pulses. If the time between 
pulses is greater than the synchronizing period, voltage 
sampling “free-runs” at once every 17 seconds. A sample 
is taken by averaging together voltage measurements 
taken 57ps apart. The IC takes 32 measurements in 
PVD mode and 16 measurements in -AV mode. The 
resulting sample periods (9.17 and 18.18ms, respec- 
tively) filter out harmonics centered around 55 and 
109Hz. This technique minimizes the effect of any AC 
line ripple that may feed through the power supply from 
either 50 or 60Hz AC sources. If the INH input remains 
high for more than 12ms, the voltage sample history 
kept by the IC and used for PVD and -AV termination 
decisions is erased and a new history is started. Such a 
reset is required when transitioning from free-running 
to synchronized voltage sampling. The response of the 
IC to pulses less than 100ns in width or between 3.5ms 
and 12ms is indeterminate. The tolerance on all timing 
is ±12%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off time, the PVD and -AV terminations 
are disabled. This avoids premature termination on the 
voltage spikes sometimes produced by older batteries 
when fast-charge current is first applied. Maximum 
voltage and temperature terminations are not affected 
by the hold-off period. 

Maximum Voltage, Temperature, and Time 

Any time the voltage on the BAT pin exceeds the maxi- 
mum cell voltage, Vmcv, fast charge is terminated. 

Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco, where 

Vtco = 0.5 * Vcc ± 5%. 


Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/2, 1C, and 2C. Maximum time-out termina- 
tion is enforced on the fast-charge phase, then reset, and 
enforced again on the top-off phase, if selected. There is 
no time limit on the trickle-charge phase. 

Pulse-Trickle Charge 

Pulse-trickle is used to compensate for self-discharge 
while the battery is idle in the charger. The battery is 
pulse-trickle charged by driving the CC pin active once 
per second for the period specified in Table 1. This 
results in a trickle rate of C/32. 

TM Pin 

The TM pin is a three-level pin used to select the 
charge timer, top-off, voltage termination mode, trickle 
rate, and voltage hold-off period options. Table 1 
describes the states selected by the TM pin. The 
mid-level selection input is developed by a resistor 
divider between Vcc and ground that fixes the volt- 
age on TM at Vcc/2 ± 0.5V. See Figure 4. 

Charge Status Indication 

A fas t charge in progress is uniquely indicated whe n the 
LED pin goes low. In the charge pending state, the LED 
pin is dri ven low for 500ms, then to high-Z for 500ms. 
The LED pin is driven to the high-Z state for all ot her 
conditions. Figure 2 outlines the state of the LED pin 
during charge. 

Charge Inhibit 

Fast charge and top-off may be inhibited by using the 
INH pin. When high, INH suspends all fast charge and 
top-off activity and the intern al cha rge timer. INH 
freezes the current state of LED until inhibit is 
removed. Temperature monitoring is not affected by the 
INH pin. During charge inhibit, the bq2002C continues 
to pulse-trickle charge the battery per the TM selection. 
When INH returns low, charge control and the charge 
timer resume from the point where INH became active. 

Low-Power Mode 

The IC enters a low-power state when Vbat is driven 
above the power-down threshold (Vpd) where 

Vp D = Vcc - (IV ±0.5V) 

Both the CC pin and the LED pin are driven to the 
high-Z state. The operating current is reduced to less 
than IgA in this mode. When Vbat returns to a value 
below Vpd, the IC pulse-trickle charges until the next 
new charge cycle begins. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = o to 70°c; vcc ± 20 %) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.5 * Vcc 

±5% 

V 

V TS < Vtco inhibits/terminates 
fast charge 

Vhtf 

High-temperature fault 

0.6 * Vcc 

±5% 

V 

Vts ^ Vhtf inhibits fast charge 
start 

Vmcv 

Maximum cell voltage 

2 

±5% 

V 

Vbat ^ Vmcv inhibits/terminates 
fast charge 

Vlbat 

Minimum cell voltage 

0.175* Vcc 

±20% 

V 

Vbat ^ Vlbat inhibits fast charge 

-AV 

BAT input change for 
-AV detection 

-12 

±3 

mV 


PVD 

BAT input change for 
PVD detection 

-2.5 

±2.5 

mV 
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Recommended DC Operating Conditions (TA = oto7o°c) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Vdet 

-AV, PVD detect voltage 

1 

- 

2 

V 


Vbat 

Battery input 

0 

- 

Vcc 

V 


Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VlH 

Logic input high 

0.5 

- 

- 

V 

INH 

Logic input high 

Vcc - 0.5 

- 

- 

V 

TM 

Vim 

Logic input mid 

-0.5 

2 

- 

v 

-ICC +0.5 

2 

V 

TM 

Vr L 

Logic input low 

- 

- 

0.1 

V 

INH 

Logic input low 

- 

- 

0.5 

V 

TM 

VOL 

Logic output low 

- 

- 

0.8 

V 

LED, CC, Iol = 10mA 

VpD 

Power down 

Vcc - 1.5 

- 

Vcc - 0.5 

V 

Vbat ^ Vpd max. powers 
down bq2002C; 

Vbat < Vpd min. = 
normal operation. 

Icc 

Supply current 

- 

- 

500 

HA 

Outputs unloaded, 

V cc = 5.1V 

ISB 

Standby current 

- 

- 

1 

nA 

V C c = 5.1V, Vbat = Vpd 

IOL 

LED, CC sink 

10 

- 

- 

mA 

@V 0L = Vss + 0.8V 

II 

Input leakage 

- 

- 

±1 

HA 

INH, CC, V = V ss to Vcc 

Ioz 

Output leakage in 
high-Z state 

-5 

- 

- 

m-a 

LED, CC 


Note: All voltages relative to Vss. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 


Rts 

TS input impedance 

50 

- 

- 

MD 


Timing (TA = oto+7o°c;vcc±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

dFCV 

Time-base variation 

-12 

- 

12 

% 



Note: Typical is at Ta = 25°C, Vcc = 5.0V. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

1 

All 

Revised format and outline of this data sheet 


Note: Change 1 = Sept. 1997 B changes from Dec. 1995. 


Ordering Information 


bq2002C 


^Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 


L- Device: 

bq2002C Fast-Charge IC 


8/8 


3-50 








UNITRODE 


bq2002D/T 


NiCd/NiMH Fast-Charge Management ICs 


Features 

> Fast charge of nickel cadmium 
or nickel-metal hydride batter- 
ies 

> Direct LED output displays 
charge status 

> Fast-charge termination by 
rate of rise of temperature, 
maximum voltage, maximum 
temperature, and maximum 
time 

> Internal band-gap voltage ref- 
erence 

>■ Optional top-off charge (bq2002T 
only) 

>* Selectable pulse-trickle charge 
rates (bq2002T only) 

>* Low-power mode 

>- 8-pin 300-mil DIP or 150-mil 

SOIC 

Pin Connections 



General Description 

The bq2002D/T Fast-Charge IC are 
low-cost CMOS batteiy-charge control- 
lers able to provide reliable charge ter- 
mination for both NiCd and NiMH bat- 
tery applications. Controlling a 
current-limited or constant-current 
supply allows the bq2002D/T to be the 
basis for a cost-effective stand-alone or 
system-integrated charger. The 
bq2002D/T integrates fast charge with 
optional top-off and pulsed-trickle con- 
trol in a single IC for charging one or 
more NiCd or NiMH battery cells. 

Fast charge is initiated on application 
of the charging supply or battery re- 
placement. For safety, fast charge is 
inhibited if the battery temperature 
and voltage are outside configured 
limits. 


Fast charge is terminated by any of 
the following: 

■ Rate of temperature rise 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, the bq2002T option- 
ally tops-off and pulse-trickles the 
battery per the pre-configured limits. 
Fast charge may be inhibited using 
the INH pin. The bq2002D/T may be 
placed in low-standby-power mode to 
reduce system power consumption. 


Pin Names 


TM 

Timer mode select input 

TS 

Temperature sense input 

LED 

Charging status output 

V CC 

Supply voltage input 

BAT 

Battery voltage input 

INH 

Charge inhibit input 

^ss 

System ground 

CC 

Charge control output 


bq2002D/T Selection Guide 


Part No. 

TCO 

HTF 

LTF 

Fast Charqe 

Time-Out 

TOD-Off 

Maintenance 

bq2002D 

0.225 * Vcc 

0.25 * Vcc 

0.4 * Vcc 

C/4 

320 min 

C/64 

C/256 

1C 

80 min 

C/16 

C/256 

2C 

40 min 

None 

C/128 

bq2002T 

0.225 * Vcc 

0.25 * Vcc 

None 

C/4 

440 min 

None 

None 

1C 

110 min 

None 

None 

2C 

55 min 

None 

None 


1/99 D 
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Pin Descriptions 

TM Timer mode input 

A three-level input that controls the settings 
for the fast charge safety timer, voltage ter- 
mination mode, top-off, pulse-trickle, and 
voltage hold-off time. 

LED Charging output status 

Open-drain output that indicates the charging 
status. 

BAT Battery input voltage 

The battery voltage sense input. The input to 
this pin is created by a high-impedance re- 
sistor divider network connected between 
the positive and negative terminals of the 
battery. 

Vss System ground 

TS Temperature sense input 

Input for an external battery temperature 
monitoring thermistor. 

Vcc Supply voltage input 

5.0V ±20% power input. 

INH Charge inhibit input 

When high, INH suspends the fast charge in 
progress. When returned low, the IC re- 


sumes operation at the point where initially 
suspended. 

CC Charge control output 

An open-drain output used to control the 
charging current to the battery. CC switch- 
ing to high impedance (Z) enables charging 
current to flow, and low to inhibit charging 
current. CC is modulated to provide top-off, 
if enabled, and pulse trickle. 

Functional Description 

Figures 2 and 3 show state diagrams of bq2002D/T and 
Figure 4 shows the block diagram of the bq2002D/T 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
single-cell potential for the battery under charge. A 
resistor-divider ratio of: 


RB2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 



Figure 1 . Voltage and Temperature Monitoring and TM Pin Configuration 
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Battery Voltage 
too High? 


VBAT^ 2 V 


VbaT < 2V 


Battery ^ 

Temperature? y TS ~ q, 25V , y cc 


Charge 

Pending 


Fast Charge,) 
CC = Z 
, LED = Low/ 


VbaT < 2V and 
VjS > 0.25V* Vcc 


Off, > 
CC - Low 
LED = Low , 


VBAT>2V 


AT/At or 
VBAT > 2V or 
VjS < 0.25V * Vcc or 
Maximum Time Out 


VbATt^ 2V 


Off, 

CC = Low 
LED = Z 


Figure 2. bq2002D State Diagram 


Chip on 

Battery Voltage 


V C C^ 4.0V 
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V BAT£ 2V 

vbat < sv 
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J < VTS < o.D * vcc 

Battery 
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Temperature? 

Vts >0.6* Vcc ° r 



Vts ^ 0.25* vcc 


(AT/At or 

Maximum Time Out) 
and TM 4 High i 


Top-off 
LED = Z 


VBAT ^ 2V or I 

Vts < 0.225 *Vqq or 
Maximum Time Out 


VBAT 2 > 2V or 

Vts < 0.225 * Vcc or 

((AT/At or 

Maximum Time Out) 
and TM = High) 


Charge 

Pending 


VbaT < 2V and 

Vts < o.6 * Vcc and v bat > 2 V 

vjs >0.25* vcc 


VbAT?^2V 


Tric kle 
LED = Z 


Figure 3. bq2002T State Diagram 




bq2002D/T 



Bd2002TD.eps 


Figure 4. Block Diagram 


Note: This resistor-divider network input impedance to 
end-to-end should be at least 200k£2 and less than 1 MQ. 

A ground-referenced negative temperature coefficient ther- 
mistor placed in proximity to the battery may be used as a 
low-cost temperature-to-voltage transducer. The tempera- 
ture sense voltage input at TS is developed using a 
resistor-thermistor network between Vcc and Vss- See 
Figure 1. 

Starting A Charge Cycle 

Either of two events starts a charge cycle (see Figure 5): 

1. Application of power to Vcc or 

2. Voltage at the BAT pin falling through the maximum 
cell voltage where: 

Vmcv = 2 V ±5%. 

If the battery is within the configured temperature and 
voltage limits, the IC begins fast charge. The valid bat- 
tery voltage range is Vbat < Vmcv- The valid tempera- 
ture range is Vhtf < Vts < Vltf for the bq2002T and 
Vhtf < Vts for the bq2002D where: 

Vltf = 0.4 * Vcc ±5%. 

Vhtf = 0.25 * Vcc ±5% (bq2002T only). 

4/10 


If the battery voltage or temperature is outside of these 
limits, the IC pulse-trickle charges until the tempera- 
ture falls within the allowed fast charge range or a new 
charge cycle is started. 

Fast charge continues until termination by one or more of 
the four possible termination conditions: 

■ Rate of temperature rise 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

AT/At Termination 

The bq2002D/T samples at the voltage at the TS pin ev- 
ery 19s and compares it to the value measured three 
samples earlier. If the voltage has fallen 25.6mV or 
more, fast charge is terminated. The AT/At termination 
test is valid only when Vtco < Vts < Vltf for the 
bq2002T and Vtco < Vts for the bq2002D. 

Temperature Sampling 

A sample is taken by averaging together 16 measure- 
ments taken 57ps apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
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Vcc = 0 

Fast Charging 

Top-Off 
(optional, 
bq2002T only) 

Pulse-Trickle 
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bq2002T only) 
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_ See 
Table 1 


- Charge initiated by application of power 

Charge initiated by battery replacement — 1 


LED 


TD2002F1.eps 


Figure 5. Charge Cycle Phases 


nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±20%. 

Maximum Voltage, Temperature, and Time 

Any time the voltage on the BAT pin exceeds the maxi- 
mum cell voltage, Vmcv, fast charge or optional top-off 
charge is terminated. 


Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco where: 

Vtco = 0.225 * Vcc ±5% 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/4, 1C, and 2C. Maximum time-out termina- 
tion is enforced on the fast-charge phase, then reset, and 


Table 1. Fast-Charge Safety Time/Top-Off Table 



Corresponding 
Fast-Charge Rate 

TM 

Typical Fast-Charge 
and Top-Off 

Time Limits 
(minutes) 

Top-Off 

Rate 

Pulse- 
Trickle Rate 

Pulse- 
Trickle 
Period (ms) 


C/4 

Mid 

440 

NA 

NA 

NA 

bq2002D 

1C 

Low 

110 

NA 

NA 

NA 


2C 

High 

55 

NA 

NA 

NA 


C/4 

Mid 

320 

C/64 

C/256 

18.3 

bq2002T 

1C 

Low 

80 

C/16 

C/256 

73.1 


2C 

High 

40 

Disabled 

C/128 

73.1 


Notes: Typical conditions = 25°C, Vcc = 5.0V. 

Mid = 0.5 * Vcc ±0.5V 
Tolerance on all timing is ±20% 
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enforced again on the top-off phase, if selected (bq2002T 
only). There is no time limit on the trickle-charge 
phase. 

Top-off Charge — bq2002T Only 

An optional top-off charge phase may be selected to 
follow fast charge termination for 1C and C/4 rates. 
This phase may be necessary on NiMH or other bat- 
tery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time selected 
by the TM pin. (See Table 1.) During top-off, the CC 
pin is modulated at a duty cycle of 286ps active for 
every 4290ps inactive. This modulation results in an 
average rate l/16th that of the fast charge rate. Maxi- 
mum voltage, time, and temperature are the only ter- 
mination methods enabled during top-off. 

Pulse-Trickle Charge — bq2002T Only 

Pulse-trickle is used to compensate for self-discharge 
while the battery is idle in the charger. The battery is 
pulse-trickle charged by driving the CC pin active for a 
period of 286ps for every 72.9ms of inactivity for 1C and 
2C selections, and 286|xs for every 17.9ms of inactivity 
for C/4 selection. This results in a trickle rate of C/256 
for the top-off enabled mode and C/128 otherwise. 

TM Pin 

The TM pin is a three-level pin used to select the 
charge timer, top-off, voltage termination mode, trickle 
rate, and voltage hold-off period options. Table 1 de- 
scribes the states selected by the TM pin. The mid- 
level selection input is developed by a resistor di- 
vider between Vcc and ground that fixes the voltage 
on TM at Vcc/2 ± 0.5V. See Figure 5. 


Charge Status Indication 

In the fast charge and charge pe nding states, and when- 
ever^ the inhibit pin is active, the LED pin goes low. The 
LED pin is driven to the high-Z state for all o ther condi- 
tions. Figure 3 outlines the state of the LED pin during 
charge. 

Charge Inhibit 

Fast charge and top-off may be inhibited by using the 
INH pin. When high, INH suspends all fast charge and 
top-off activity and the inte rnal charge timer. INH 
freezes the current state of LED until inhibit is re- 
moved. Temperature monitoring is not affected by the 
INH pin. During charge inhibit, the bq2002D/T contin- 
ues to pulse-trickle charge the battery per the TM selec- 
tion. When INH returns low, charge control and the 
charge timer resume from the point where INH became 
active. The Vts sample history is cleared by INH. 

Low-Power Mode 

The IC enters a low-power state when Vbat is driven 
above the power-down threshold (Vpd) where: 

Vpd = Vcc - (IV ±0.5V) 

Both the CC pin and the LED pin are driven to the 
high-Z state. The operating current is reduced to less 
than l|iA in this mode. When Vbat returns to a value 
below Vpd, the IC pulse-trickle charges until the next 
new charge cycle begins. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds <ta = o to 7 o°c; vcc ±20%) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.225 * Vcc 

±5% 

V 

V TS < Vtco terminates fast charge 
and top-off 

Vhtf 

High-temperature fault 

0.25 * Vcc 

±5% 

V 

Vts ^ Vhtf inhibits fast charge start 

Vltf 

Low-temperature fault 

0.4 * Vcc 

±5% 

V 

Vts ^ Vltf inhibits fast charge start 
(bq2002T only) 

Vmcv 

Maximum cell voltage 

2 

±5% 

V 

Vbat ^ Vmcv inhibits/terminates fast 
charge 
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Recommended DC Operating Conditions <ta = o to 70 c) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Vbat 

Battery input 

0 

- 

V CC 

V 


Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VlH 

Logic input high 

0.5 

- 


V 

INH 

Logic input high 

Vcc - 0.5 

- 

- 

V 

TM 

Vim 

Logic input mid 

v 

-ICC -0.5 

2 

- 

+0.5 

2 

V 

TM 

Vil 

Logic input low 

- 

- 

0.1 

V 

INH 

Logic input low 

- 

- 

0.5 

V 

TM 

Vol 

Logic output low 

- 

- 

0.8 

V 

LED, CC, Iol = 10mA 

VpD 

Power down 

Vcc - 1.5 

- 

Vcc - 0.5 

V 

Vbat ^ Vpd max. powers 
down bq2002D/T; 

Vbat < Vpd min. = 
normal operation. 

Icc 

Supply current 

- 

- 

500 

pA 

Outputs unloaded, 

V cc = 5.1V 

ISB 

Standby current 

- 

- 

1 

pA 

V C c = 5.1V, Vbat = Vpd 

i — i 

o 

t" 

LED, CC sink 

10 

- 

- 

mA 

@V 0L = Vss + 0.8V 

II 

Input leakage 

- 

- 

±1 

M A 

INH, CC, V = V ss to Vcc 

Ioz 

Output leakage in 
high-Z state 

-5 

- 

- 

HA 

LED, CC 


Note: All voltages relative to Vss- 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 

MQ 

Rts 

TS input impedance 

50 

- 

- 

m n 


Timing <ta = o to + 70 °c; vcc ±10%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

dFCV 

Time-base variation 

-20 

- 

20 

% 



Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

3 

Was: Table 1 gave the bq2002D/T Operational Summary. 

Is: Figure 2 gives the bq2002D/T Operational Summary. 

Changed table to figure. 

1 

5 

Added top-off values. 

Added column and values. 

2 

All 

Revised and expanded this data sheet 


3 

All 

Revised and included bq2002D 

Addition of device 


Notes: Change 1 = Sept. 1996 B changes from Aug. 1994. 

Change 2 = Aug. 1997 C changes from Sept. 1996 B. 
Change 3 = Jan. 1999 D changes from Aug. 1997 C. 


Ordering Information 


bq2002 


Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 


I— Device: 

D = bq2002D Fast-Charge IC 
T = bq2002T Fast-Charge IC 
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UIMITRODE 
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NiCd/NiMH Fast-Charge Management ICs 


Features 

>• Fast charge of nickel cadmium 
or nickel-metal hydride batter- 
ies 

> Direct LED output displays 
charge status 

>• Fast-charge termination by -AV, 
maximum voltage, maximum 
temperature, and maximum 
time 

> Internal band-gap voltage ref- 
erence 

>■ Optional top-off charge 

>■ Selectable pulse trickle charge 
rates 

>■ Low-power mode 

> 8-pin 300-mil DIP or 150-mil 
SOIC 


Pin Connections 


bq2002E/G Selection Guide 


Part No. 

LBAT 

TCO 

HTF 

LTF 

-AV 

PVD 

Fast Charge 

tMTO 

Top-Off 

Maintenance 


0.175 * 
Vcc 

0.5 * 
Vcc 

0.6 * 
Vcc 



✓ 

C/2 

200 

None 

C/32 

bq2002E 

None 


✓ 

1C 

80 

C/16 

C/32 



✓ 


2C 

40 

None 

C/32 


0.175 * 
Vcc 

0.5 * 
Vcc 

0.6 * 
Vcc 



✓ 

C/2 

160 

None 

C/32 

bq2002G 

None 


✓ 

1C 

80 

C/16 

C/32 





2C 

40 

None 

C/32 



w ' 


TM 

1 8 

□ CC 

LED 

2 7 

INH 

batQ 

3 6 

□ vcc 

vssC 

4 5 

□ TS 


8-Pin DIP or 



Narrow SOIC 



PN-20Q201.eps j 


General Description 

The bq2002E and bq2002G Fast-Charge 
ICs are low-cost CMOS battery-charge 
controllers providing reliable charge 
termination for both NiCd and NiMH 
battery applications. Controlling a 
current-limited or constant-current 
supply allows the bq2002E/G to be the 
basis for a cost-effective stand-alone or 
system-integrated charger. The 
bq2002E/G integrates fast charge with 
optional top-off and pulsed- trickle con- 
trol in a single IC for charging one or 
more NiCd or NiMH battery cells. 

Fast charge is initiated on application 
of the charging supply or battery re- 
placement. For safety, fast charge is 
inhibited if the battery temperature 
and voltage are outside configured 
limits. 

Fast charge is terminated by any of 
the following: 


Pin Names 


TM Timer mode select input 

LED Charging status output 

BAT Battery voltage input 

V ss System ground 


■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, the bq2002E/G op- 
tionally tops-off and pulse-trickles the 
battery per the pre-configured limits. 
Fast charge may be inhibited using 
the INH pin. The bq2002E/G may 
also be placed in low-standby-power 
mode to reduce system power con- 
sumption. 

The bq2002E differs from the 
bq2002G only in that a slightly dif- 
ferent set of fast-charge and top-off 
time limits is available. All differ- 
ences between the two ICs are illus- 
trated in Table 1. 


TS Temperature sense input 

V cc Supply voltage input 

INH Charge inhibit input 

CC Charge control output 
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Pin Descriptions 

TM Timer mode input CC 

A three-level input that controls the settings 
for the fast charge safety timer, voltage ter- 
mination mode, top-off, pulse-trickle, and 
voltage hold-off time. 

LED Charging output status 

Open-drain output that indicates the charging 
status. 

BAT Battery input voltage 

The battery voltage sense input. The input to 
this pin is created by a high-impedance re- 
sistor divider network connected between 
the positive and negative terminals of the 
battery. 

Vss System ground 

TS Temperature sense input 

Input for an external battery temperature 
monitoring thermistor. 

Vcc Supply voltage input 

5.0V ±20% power input. 

INH Charge inhibit input 

When high, INH suspends the fast charge in 
progress. When returned low, the IC re- 


sumes operation at the point where initially 
suspended. 

Charge control output 

An open-drain output used to control the 
charging current to the battery. CC switch- 
ing to high impedance (Z) enables charging 
current to flow, and low to inhibit charging 
current. CC is modulated to provide top-off, 
if enabled, and pulse trickle. 

Functional Description 

Figure 2 shows a state diagram and Figure 3 shows a 
block diagram of the bq2002E/G. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
single-cell potential for the battery under charge. A 
resistor-divider ratio of 


RB2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kU and less than 1 M£1 




BAT pin connection Mid-level Thermistor connection 

setting for TM 

NTC = negative temperature coefficient thermistor. 

Fg2002E/G01.eps 


Figure 1 . Voltage and Temperature Monitoring and TM Pin Configuration 
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Chip on 
VCC-T^ 4.0V 


Battery Voltage 
too High? 


VbaT < 2V 


VBAT^ 2 V 


Battery Voltage 
too Low? 


0.175* Vcc < VBAT 
Vjs > 0.6 > 


(PVD or -AV or 
Maximum Time Out) 
and TM = Low 


VBAT> 2V or 
VTS < Vector 
Maximum Time Out 



VBAT :> 2 V or 
VTS < Vqq/ 2 or 
((PVD or -AV or 
Maximum Time Out) 
and TM * Low) 


V B AT< 0.175 *V C C 


VjS < 0.6 * Vqc 


VBAT> 0.175 *Vqc, 
VbaT < 2V, and 
VTS > Vcc/2 



Figure 2. State Diagram 



Bd2002CEQ.eps 


Figure 3. Block Diagram 
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Vcc = 0 

Fast Charging 

Top-Off 

Pulse-Trickle 

Fast Charging 


(optional) 


CC Output 




◄ — 73ms — ► 

- 

<4 — See Table 1 

“l 

1 






◄—1.17s— ► 



◄- 

- 1.17s-^ 


I — Charge initiated by application of power 

Charge initiated by battery replacement — 


LED 


TD2002EG.eps 


Figure 4. Charge Cycle Phases 


A ground-referenced negative temperature coefficient ther- 
mistor placed near the battery may be used as a low-cost 
temperature-to-voltage transducer. The temperature 
sense voltage input at TS is developed using a resistor- 
thermistor network between Vcc and Vss. See Figure 1. 

Starting A Charge Cycle 

Either of two events starts a charge cycle (see Figure 4): 


1. Application of power to Vcc or 

2. Voltage at the BAT pin falling through the maximum 
cell voltage Vmcv where 

Vmcv = 2V ±5%. 

If the battery is within the configured temperature and 
voltage limits, the IC begins fast charge. The valid bat- 
tery voltage range is Vlbat < Vbat < Vmcv, where 


Table 1. Fast-Charge Safety Time/Hold-Off/Top-Off Table 


Corre- 

sponding 

Fast-Charge 

Rate 



Typical Fast- 
Charge and 
Top-Off 

Time Limits 
(minutes) 

Typical PVD 
and -AV 
Hold-Off Time 
(seconds) 

Top-Off 

Rate 

Pulse- 

Trickle 

Rate 

Pulse- 

Trickle 

Width 

(ms) 

Maximum 

Synchro- 

nized 

Sampling 

Period 

(seconds) 

TM 

Termination 

bq2002E 

bq2002G 

C/2 

Mid 

PVD 

200 

160 

300 

Disabled 

C/32 

73 

18.7 

1C 

Low 

PVD 

80 

80 

150 

C/16 

C/32 

37 

18.7 

2C 

High 

-AV 

40 

40 

75 

Disabled 

C/32 

18 

9.4 


Notes: Typical conditions = 25°C, Vcc = 5.0V 

Mid = 0.5 * Vcc ±0.5V 
Tolerance on all timing is ±12%. 
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Vlbat = 0.175 * Vcc ±20% 

The valid temperature range is Vts > Vhtf where 
Vhtf = 0.6 * Vcc ±5%. 

If the battery voltage or temperature is outside of these 
limits, the IC pulse-trickle charges until the next new 
charge cycle begins. 

If Vmcv < Vbat < Vpd (see “Low-Power Mode”) when a 
new battery is inserted, a delay of 0.35 to 0.9s is imposed 
before the new charge cycle begins. 

Fast charge continues until termination by one or more of 
the five possible termination conditions: 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

PVD and -AV Termination 

There are two modes for voltage termination, depending 
on the state of TM. For -AV (TM = high), if Vbat is lower 
than any previously measured value by 12mV ±3mV, fast 
charge is terminated. For PVD (TM = low or mid), a de- 
crease of 2.5mV ±2.5mV terminates fast charge. The PVD 
and -AV tests are valid in the range IV < Vbat < 2V. 

Synchronized Voltage Sampling 

Voltage sampling at the BAT pin for PVD and -AV termi- 
nation may be synchronized to an external stimulus us- 
ing the INH input. Low-high-low input pulses between 
100ns and 3.5ms in width must be applied at the INH 
pin with a frequency greater than the “maximum syn- 
chronized sampling period” set by the state of the TM 
pin as shown in Table 1. Voltage is sampled on the fal- 
ling edge of such pulses. 

If the time between pulses is greater than the synchro- 
nizing period, voltage sampling “free-runs” at once every 
17 seconds. A sample is taken by averaging together 
voltage measurements taken 57ps apart. The IC takes 
32 measurements in PVD mode and 16 measurements 
in -AV mode. The resulting sample periods (9.17 and 
18.18ms, respectively) filter out harmonics centered 
around 55 and 109Hz. This technique minimizes the ef- 
fect of any AC line ripple that may feed through the 
power supply from either 50 or 60Hz AC sources. 

If the INH input remains high for more than 12ms, the 
voltage sample history kept by the IC and used for PVD 
and -AV termination decisions is erased and a new his- 
tory is started. Such a reset is required when transition- 
ing from free-running to synchronized voltage sampling. 


The response of the IC to pulses less than 100ns in 
width or between 3.5ms and 12ms is indeterminate. Tol- 
erance on all timing is ±12%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off time, the PVD and -AV terminations 
are disabled. This avoids premature termination on the 
voltage spikes sometimes produced by older batteries 
when fast-charge current is first applied. Maximum 
voltage and temperature terminations are not affected 
by the hold-off period. 

Maximum Voltage, Temperature, and Time 

Any time the voltage on the BAT pin exceeds the maxi- 
mum cell voltage, Vmcv, fast charge or optional top-off 
charge is terminated. 

Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco where 

Vtco = 0.5 * Vcc ± 5%. 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/2, 1C, and 2C. Maximum time-out termina- 
tion is enforced on the fast-charge phase, then reset, and 
enforced again on the top-off phase, if selected. There is 
no time limit on the trickle-charge phase. 

Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for 1C and C/2 rates. 
This phase may be necessary on NiMH or other bat- 
tery chemistries that have a tendency to terminate 
charge before reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time selected 
by the TM pin. (See Table 1.) During top-off, the CC 
pin is modulated at a duty cycle of 73ms active for 
every 1097ms inactive. This modulation results in an 
average rate l/16th that of the fast charge rate. Maxi- 
mum voltage, time, and temperature are the only ter- 
mination methods enabled during top-off. 

Pulse-Trickle Charge 

Pulse-trickle is used to compensate for self-discharge 
while the battery is idle in the charger. The battery is 
pulse-trickle charged by driving the CC pin active once 
every 1.17s for the period specified in Table 1. This re- 
sults in a trickle rate of C/32. 

TM Pin 

The TM pin is a three-level pin used to select the 
charge timer, top-off, voltage termination mode, trickle 
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rate, and voltage hold-off period options. Table 1 de- 
scribes the states selected by the TM pin. The mid- 
level selection input is developed by a resistor di- 
vider between Vcc and ground that fixes the voltage 
on TM at Vcc/2 ± 0.5V. See Figure 4. 

Charge Status Indication 

A fas t charge in progres s is u niquely indicated when the 
LED pin goes low. The LED pin is driven to the high-Z 
state for all conditions other than fast charge. Figure 2 
outlines the state of the LED pin during charge. 

Charge Inhibit 

Fast charge and top-off may be inhibited by using the 
INH pin. When high, INH suspends all fast charge and 
top-off activity and the i ntern al charge timer. INH 
freezes the current state of LED until inhibit is removed. 
Temperature monitoring is not affected by the INH pin. 
During charge inhibit, the bq2002E/G continues to 
pulse-trickle charge the battery per the TM selection. 
When INH returns low, charge control and the charge 
timer resume from the point where INH became active. 


Low-Power Mode 

The IC enters a low-power state when Vbat is driven 
above the power-down threshold (Vpd) where 

Vp D = Vcc - (IV ±0.5V) 

Both the CC pin and the LED pin are driven to the 
high-Z state. The operating current is reduced to less 
than IpA in this mode. When Vbat returns to a value 
below Vpd, the IC pulse-trickle charges until the next 
new charge cycle begins. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin 
excluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds <ta = o to 7 o°c; vcc ±20%) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vtco 

Temperature cutoff 

0.5 * Vcc 

±5% 

V 

V TS < Vtco inhibits/terminates 
fast charge and top-off 

Vhtf 

High temperature fault 

0.6 * VCC 

±5% 

V 

Vts < Vhtf inhibits fast charge 
start 

Vmcv 

Maximum cell voltage 

2 

±5% 

V 

Vbat ^ Vmcv inhibits/terminates 
fast charge and top-off 

Vlbat 

Minimum cell voltage 

0.175 * Vcc 

±20% 

V 

Vbat < Vlbat inhibits fast charge 
start 

-AV 

BAT input change for 
-AV detection 

-12 

±3 

mV 


PVD 

BAT input change for 
PVD detection 

-2.5 

±2.5 

mV 
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Recommended DC Operating Conditions (TA = oto7o°c) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.0 

5.0 

6.0 

V 


Vdet 

-AV, PVD detect voltage 

1 

- 

2 

V 


Vbat 

Battery input 

0 


V CC 

V 


Vts 

Thermistor input 

0.5 

- 

Vcc 

V 

Vts < 0.5V prohibited 

VlH 

Logic input high 

0.5 

- 

- 

V 

INH 

Logic input high 

Vcc - 0.5 

- 

- 

V 

TM 

Vim 

Logic input mid 

^ec -0.5 

2 

- 

+ 0.5 

2 

V 

TM 

VlL 

Logic input low 

- 

- 

0.1 

V 

INH 

Logic input low 

- 

- 

0.5 

V 

TM 

VOL 

Logic output low 

- 

- 

0.8 

V 

LED, CC, Iol = 10mA 

VpD 

Power down 

Vcc - L5 

- 

Vcc - 0.5 

V 

Vbat > Vpd max. powers 
down bq2002E/G; 

Vbat < Vpd min. = 
normal operation. 

Icc 

Supply current 

- 

- 

500 

HA 

Outputs unloaded, 

Vcc = 5.1V 

ISB 

Standby current 

- 

- 

1 

nA 

V cc = 5.1V, Vbat = Vpd 

IOL 

LED, CC sink 

10 

- 

- 

mA 

@Vol = Vss + 0.8V 

II 

Input leakage 


- 

±1 

^A 

INH, CC,V = V SS to Vcc 

Ioz 

Output leakage in 
high-Z state 

-5 

- 

- 

pA 

LED, CC 


Note: All voltages relative to Vss. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 

MQ 

Rts 

TS input impedance 

50 

- 

- 

MQ 


Timing <ta = o to +7<rc; vcc±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

dFCV 

Time base variation 

-12 

- 

12 

% 


tDLY 

Start-up delay 

0.35 

- 

0.9 

s 

Starting from Vmcv < Vbat < Vpd 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 

Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

1 

Added selection guide 



Notes: Change 1 = Feb. 1999 B changes from Sept. 1997. 


Ordering Information 

bq2002E/G 

L Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 

— Device: 

bq2002E Fast-Charge IC 
bq2002G Fast-Charge IC 
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Product Brief DV2002L2/TL2 


■■ UNITRODE 

Fast-Charge Development Systems 

Control of LM317 Linear Regulator 


Features 

> bq2002/T fast-charge control evaluation and devel- 
opment 

> Charge current sourced from an on-board linear 
regulator (up to 1.5 A) 

> Fast charge of 4, 5, 6, 8, and 10 NiCd or NiMH cells 
(contact Unitrode for other cell counts) 

> Fast-charge termination by negative delta voltage 
(-AV) or peak voltage detect (bq2002) or AT/At 
(bq2002T) 

> Maximum temperature and maximum time safety 
terminations 

> -AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

> Inhibit fast charge by a logic-level input 

General Description 

The DV2002L2/TL2 Development System provides a de- 
velopment environment for the bq2002 and bq2002T 
Fast-Charge ICs. The DV2002L2/TL2 incorporates a 
bq2002/T and a linear regulator to provide fast charge 
control for 4 to 10 NiCd or NiMH cells. 

The fast charge is terminated by any of the following: 
AT/At, maximum temperature, maximum time, or an in- 
hibit command for the bq2002T; or -AV/peak voltage, 
maximum temperature, maximum time, and inhibit 
command for the bq2002. Jumper settings select the 
top-off and maximum time limits. 

The user provides a power supply and batteries. The 
user configures the DV2002L2/TL2 for the number of 
cells and maximum charge time (with or without top- 
off). 



Please review the bq2002T or bq2002 data sheet before 
using the DV2002L2/TL2 board. 

Full data sheets for these products are available from 
the Unitrode web site or from the factoiy 
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DV2002L2 Board Schematic 


JP4 



Rev. C Board 





DV2002L2/TL2 Product Brief 







Features 

> Fast charge and conditioning of 
nickel cadmium or nickel-metal 
hydride batteries 

> Hysteretic PWM switch-mode 
current regulation or gated con- 
trol of an external regulator 

>* Easily integrated into systems 
or used as a stand-alone charger 

>■ Pre-charge qualification of tem- 

perature and voltage 

> Direct LED outputs display 
battery and charge status 

>■ Fast-charge termination by 

A temperature/A time, -AV, maxi- 
mum voltage, maximum tem- 
perature, and maximum time 

>- Optional top-off charge 


General Description 

The bq2003 Fast Charge IC provides 
comprehensive fast charge control 
functions together with high-speed 
switching power control circuitry on a 
monolithic CMOS device. 

Integration of closed-loop current 
control circuitry allows the bq2003 
to be the basis of a cost-effective so- 
lution for stand-alone and system- 
integrated chargers for batteries of 
one or more cells. 

Switch-activated discharge-before- 
charge allows bq2003-based chargers 
to support battery conditioning and 
capacity determination. 

High-efficiency power conversion is 
accomplished using the bq2003 as a 
hysteretic PWM controller for 
switch-mode regulation of the charg- 
ing current. The bq2003 may alterna- 
tively be used to gate an externally 
regulated charging current. 


bq2003 


Fast-Charge IC 


Fast charge may begin on applica- 
tion of the charging supply, replace- 
ment of the battery, or switch de- 
pression. For safety, fast charge is 
inhibited unless/until the battery 
temperature and voltage are within 
configured limits. 

Temperature, voltage, and time are 
monitored throughout fast charge. 
Fast charge is terminated by any of 
the following: 

■ Rate of temperature rise 
(AT/At) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, an optional top-off 
phase is available. Constant-cur- 
rent maintenence charge is provided 
by an external trickle resistor. 


Pin Connections 




T7 


CCMD [2 

1 

16 

m vcc 

DCMD 

2 

15 

22 DIS 

DVEN 

3 

14 

2] mod 

TMi □ 

4 

13 

2} CHG 

tm 2 \Z 

5 

12 

22 TEMP 

TSC 

6 

11 

22 MCV 

BAT [I 

7 

10 

22 TCO 

vss \22 

8 

9 

22 SNS 

16-Pin DIP or SOIC 



PN200301.eps 


6/99 H 


Pin Names 

CCMD 

Charge command/select 

DCMD 

Discharge command 

DVEN 

-AV enable/disable 

TM, 

Timer mode select 1 

TM 2 

Timer mode select 2 

TS 

Temperature sense 

BAT 

Battery voltage 

Vss 

System ground 


SNS 

Sense resistor input 

TCO 

Temperature cutoff 

MCV 

Maximum voltage 

TEMP 

Temperature status 
output 

CHG 

Charging status output 

MOD 

Charge current control 

DIS 

Discharge control 

Vcc 

5.0V ±10% power 
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Pin Descriptions 

CCMD, Charge initiation and discharge-before- 

DCMD charge control inputs 

These two inputs control the conditions that 
begin a new charge cycle and enable 
discharge-before-charge. See Table 1. 

DVEN -AV enable input 

This input enales/disables -AV charge termina- 
tion. If DVEN is high, the -AV test is enabled. 
If DVEN is low, -AV test is disabled. The state 
of DVEN may be changed at any time. 

TMi- Timer mode inputs 

TM 2 

TMi and TM 2 are three-state inputs that con- 
figure the fast charge safety timer, -AV hold- 
off time, and that enhance/disable top-off. 
See Table 2. 

TS Temperature sense input 

Input, referenced to SNS, for an external 
thermistor monitoring battery temperature. 

BAT Single-cell voltage input 

The battery voltage sense input, referenced 
to SNS. This is created by a high-impedance 
resistor divider network connected between 
the positive and the negative terminals of 
the battery. 

Vss Ground 

SNS Charging current sense input 

SNS controls the switching of MOD based on 
the voltage across an external sense resistor 
in the current path of the battery. SNS is the 
reference potential for the TS and BAT pins. 
If SNS is connected to Vss, MOD switches 
high at the beginning of charge and low at 
the end of charge. 


TCO Temperature cutoff threshold input 

Input to set maximum allowable battery 
temperature. If the potential between TS 
and SNS is less than the voltage at the TCO 
input, then fast charge or top-off charge is 
terminated. 

MC V Maximum-Cell-Voltage threshold input 

Input to set maximum single-cell equivalent 
voltage. If the voltage between BAT and SNS 
is greater than or equal to the voltage at the 
MCV input, then fast charge or top-off charge 
is inhibited. 

Note: For valid device operation, the 
voltage level on MCV must not exceed 
0.6 * Vcc. 

TEMP Temperature status output 

Push-pull output indicating temperature 
status. TEMP is low if the voltage at the TS 
pin is not within the allowed range to start 
fast charge. 

CHG Charging status output 

Push-pull output indicating charging status. 
See Figure 1. 

MOD Current-switching control output 

MOD is a push/pull output that is used to 
control the charging current to the battery. 
MOD switches high to enable charging cur- 
rent flow and low to inhibit charging current 
flow. 

DIS Discharge FET control output 

Push-pull output used to control an external 
transistor to discharge the battery before 
charging. 

Vcc Vcc supply input 

5.0 V, ± 10% power input. 
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Functional Description 

Figure 3 shows a state diagram and Figure 4 shows a 
block diagram of the bq2003. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
single-cell potential for the battery under charge. A 
resistor-divider ratio of: 


RB2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 


the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kf2 and less than 1MQ. 

A ground-referenced negative temperature coefficient 
thermistor placed in proximity to the battery may be used 
as a low-cost temperature-to-voltage transducer. The tem- 
perature sense voltage input at TS is developed using a 
resistor-thermistor network between Vcc and Vss* See 
Figure 1. Both the BAT and TS inputs are referenced to 
SNS, so the signals used inside the IC are: 

VbAT - VsNS = VcELL 

and 

Vts - VsNS = Vtemp 


Table 1. New Charge Cycle and Discharge Stimulus 


CCMD 

DCMD 

New Charge Cycle 

Started by: 

Discharge-Before-Charge 

Started by: 

Pulled Up/Down to: 

Vss 

Vss 

Vcc rising to valid level 

A rising edge on DCMD 

Battery replacement 
(Vcell falling through Vmcv) 

A rising edge on CCMD 

Vcc 

Vcc 

Vcc rising to valid level 

A falling edge on DCMD 

Battery replacement 
(Vcell falling through Vmcv) 

A falling edge on CCMD 

Vcc 

Vss 

A rising edge on CCMD 

A falling edge on DCMD 

Vss 

Vcc 

A falling edge on CCMD 

A rising edge on DCMD 


Vdc o 


External Trickle Resistor 

I vw- 

M i - Q- 



O PACK+ 


PACK- 


Negative Temperature 



Figure 1. Voltage and Temperature Monitoring and Trickle Resistor 
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Discharge-Before-Charge 

The DCMD input is used to command discharge-before- 
charge via the DIS output. Once activated, DIS becomes 
active (high) until Vcell falls below Vedv, at which time 
DIS goes low and a new fast charge cycle begins. See 
Table 1 for the conditions that initiate discharge-before- 
charge. Discharge-before-charge is qualified by the 
same voltage and temperature conditions that qualify a 
new charge cycle start (see below). If a discharge is ini- 
tiated but the pack voltage or temperature is out of 
range, the chip enters the charge pending mode and 
trickle charges the battery until the voltage and tem- 
perature qualification conditions are met, and then 
starts to discharge. 

Starting A Charge Cycle 

The stimulus required to start a new charge cycle is de- 
termined by the configuration of the CCMD and DCMD 
inputs. If CCMD and DCMD are both pulled up or 
pulled down, then a new charge cycle is started by (see 
Figure 2): 

1. Vcc rising above 4.5V 

2. Vcell falling through the maximum cell voltage, 
Vmcv- Vmcv is the voltage presented at the MCV 
input pin, and is configured by the user with a re- 
sistor divider between Vcc and ground. The al- 
lowed range is 0.2 to 0.4 * Vcc. 


3. A rising edge on CCMD of it is pulled down, or a 
falling edge on CCMD if it is pulled up. 

Starting a new charge cycle may be limited to a push- 
button or logical pulse input only by pulling one member 
of the DCMD and CCMD pair up while pulling the other 
input down. In this configuration a new charge cycle 
will be started only by a falling edge on CCMD if it is 
pulled up, and by a falling edge on CCMD if it is pulled 
down. See Table 1. 

If the battery is within the configured temperature and 
voltage limits, the IC begins fast charge. The valid bat- 
tery voltage range is Vedv < Vbat < Vmcv where: 

Vedv = 0.2 * Vcc ± 30mV 

The valid temperature range is Vhtf < Vtemp < Vltf, 
where: 

Vltf = 0.4 * Vcc ± 30mV 

Vhtf = [(1/8 * Vltf) + (7/8 * Vtco)] ± 30mV 

Vtco is the voltage presented at the TCO input pin, and is 
configured by the user with a resistor divider between Vcc 
and ground. The allowed range is 0.2 to 0.4 * Vcc. 

If the temperature of the battery is out of range, or the 
voltage is too low, the chip enters the charge pending 
state and waits for both conditions to fall within their 
allowed limits. There is no time limit on the charge 
pending state; the charger remains in this state as long 
as the voltage or temperature conditons are outside of 
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Table 2. Fast-Charge Safety Time/Hold-Off/Top-Off Table 


Corresponding 
Fast-Charqe Rate 

TM1 

TM2 

Typical Fast Charge 
and Top-Off 

Time Limits 

Typical -AV/MCV 
Hold-Off 

Time (seconds) 

Top-Off 

Rate 

C/4 

Low 

Low 

360 

137 

Disabled 

C/2 

Float 

Low 

180 

820 

Disabled 

1C 

High 

Low 

90 

410 

Disabled 

2C 

Low 

Float 

45 

200 

Disabled 

4C 

Float 

Float 

23 

100 

Disabled 

C/2 

High 

Float 

180 

820 

C/16 

1C 

Low 

High 

90 

410 

C/8 

2C 

Float 

High 

45 

200 

C/4 

4C 

High 

High 

23 

100 

C/2 


Note: Typical conditions = 25°C, Vcc = 5.0V. 


the allowed limits. If the voltage is too high, the chip 
goes to the battery absent state and waits until a new 
charge cycle is started. 

Fast charge continues until termination by one or more 
of the five possible termination conditions: 

■ Delta temperature/delta time (AT/At) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

-AV Termination 

If the DVEN input is high, the bq2003 samples the volt- 
age at the BAT pin once every 34s. If Vcell is lower 
than any previously measured value by 12mV ±4mV, 
fast charge is terminated. The -AV test is valid in the 
range Vmcv - (0.2 * Vcc) < Vcell < Vmcv. 

Voltage Sampling 

Each sample is an average of 16 voltage measurements 
taken 57ps apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off period, -AV termination is disabled. 
This avoids premature termination on the voltage spikes 
sometimes produced by older batteries when fast-charge 
current is first applied. AT/At, maximum voltage and 


maximum temperature terminations are not affected by 
the hold-off period. 

AT/At Termination 

The bq2003 samples at the voltage at the TS pin every 
34s, and compares it to the value measured two samples 
earlier. If Vtemp has fallen 16mV ±4mV or more, fast 
charge is terminated. The AT/At termination test is 
valid only when Vtco < Vtemp < Vltf- 

Temperature Sampling 

Each sample is an average of 16 voltage measurements 
taken 57ps apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Maximum Voltage, Temperature, and Time 

Anytime Vcell rises above Vmcv, CHG goes high (the LED 
goes off) immediately. If the bq2003 is not in the voltage 
hold-off period, fast charging also ceases immediately. If 
Vcell then falls back below Vmcv before tMCV = 250ms 
±50ms, the chip transitions to the Charge Complete state 
(maximum voltage termination). If Vcell remains above 
Vmcv at the expiration of tMCV, the bq2003 transitions to 
the Battery Absent state (battery removal). See Figure 3. 

If the bq2003 is in the voltage hold-off period when 
Vcell rises above Vmcv, the LED goes out but fast 
charging continues until the expiration of the hold-off 
period. Temperature sampling continues until the end 
of the hold-off period as well. If a new battery is in- 
serted before the hold-off period expires, it continues in 
the fast charge cycle started by its predecessor. No pre- 
charge qualification is performed, and a temperature 
sample taken on the new battery is compared to ones 
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taken before the original battery was removed and any 
that may have been taken while no battery was present. 
If the IC is configured for AT/At termination, this may 
result in a premature fast-charge termination on the 
newly inserted battery. 

Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco. Charge is also terminated if Vtemp rises 
above the minimum temperature fault threshold, Vltf, 
after fast charge begins. 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/4, C/2, 1C, and 2C. Maximum time-out termi- 
nation is enforced on the fast-charge phase, then reset, 
and enforced again on the top-off phase, if selected. 
There is no time limit on the trickle-charge phase. 

Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for the C/2 through 4C 
rates. This phase may be necessary on NiMH or other 
battery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time selected 
by the TMi and TM 2 input pins. (See Table 2.) During 
top-off, the MOD pin is enabled at a duty cycle of 4s 
active for every 30s inactive. This modulation results 
in an average rate l/8th that of the fast charge rate. 
Maximum voltage, time, and temperature are the only 
termination methods enabled during top-off. 

External Trickle Resistor 

Maintenance charging is provided by the use of an exter- 
nal trickle resistor between the high side of the battery 
pack and Vdc, the input charging supply voltage. (See 
Figure 2.) This resistor is sized to meet two criteria. 

■ With the battery removed, the resistor must pull the 
voltage at the BAT input above MCV for battery 
insertion and removal detection. 

■ With the battery at its fully charged voltage, the 
trickle current should be approximately equal to the 
self-discharge rate of the battery. 


Charge Status Indication 

Charge status is indicated by the CHG output. The 
state of the CHG output in the various charge cycle 
phases is shown in Figure 3 and illustrated in Figure 1. 

Temperature status is indicated by the TEMP output. 
TEMP is in the high state whenever Vtemp is within the 
temperature window defined by the Vltf and Vhtf tem- 
perature limits, and is low when the battery tempera- 
ture is outside these limits. 

In all cases, if Vcell exceeds the voltage at the MCV 
pin, both CHG and TEMP outputs are held high regard- 
less of other conditions. CHG and TEMP may both be used 
to directly drive an LED. 

Charge Current Control 

The bq2003 controls charge current through the MOD 
output pin. The current control circuitry is designed to 
support implementation of a constant-current switching 
regulator or to gate an externally regulated current 
source. 

When used in switch-mode configuration, the nominal 
regulated current is: 

Ireg = 0.235V/Rsns 

Charge current is monitored at the SNS input by the 
voltage drop across a sense resistor, Rsns, between the 
low side of the battery pack and ground. Rsns is sized to 
provide the desired fast-charge current. 

If the voltage at the SNS pin is less than Vsnslo, the 
MOD output is switched high to pass charge current to 
the battery. 

When the SNS voltage is greater than Vsnshi, the MOD 
output is switched low — shutting off charging current to 
the battery. 

Vsnslo = 0.044 * Vcc ± 25mV 
Vsnshi = 0.05 * Vcc ± 25mV 

When used to gate an externally regulated current 
source, the SNS pin is connected to Vss, and no sense re- 
sisitor is required. 
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New Charge Cycle Start or 
Discharge-Before-Charge 
Command 



Figure 3. State Diagram 
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TEMP 

CHG 

CCMD 

DCMD 

DVEN 


TM1 TM2 TCO 



DIS MOD MCV V C C V S S 


BD200301 .eps 


Figure 4. Block Diagram 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = topr; vcc +10%) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

V SNSHI 

High threshold at SNS re- 
sulting in MOD = Low 

0.05 * Vcc 

±0.025 

V 

Tolerance is common 
mode deviation. 

VsNSLO 

Low threshold at SNS re- 
sulting in MOD = High 

0.044 * Vcc 

±0.025 

V 

Tolerance is common 
mode deviation. 

Vltf 

Low-temperature fault 

0.4 * Vcc 

±0.030 

V 

Vtemp ^ Vltf inhibits/ 
terminates charge 

Vhtf 

High-temperature fault 

(1/8 * Vltf) + (7/8 * Vtco) 

±0.030 

V 

Vtemp ^ Vhtf inhibits 
fast charge 

Vedv 

End-of-discharge voltage 

0.2 * Vcc 

±0.030 

V 

Vcell < Vedv inhibits 
fast charge 

Vtherm 

TS input change for 

AT/At detection 

-16 

±4 

mV 

Vcc = 5V, Ta = 25°C 

-AV 

BAT input change for 
-AV detection 

-12 

±4 

mV 

Vcc = 5V, T a = 25°C 


9/12 


3-81 





bq2003 


Recommended DC Operating Conditions (ta = o to +7o o c> 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


Vbat 

Battery input 

0 

- 

Vcc 

V 


VcELL 

BAT voltage potential 

0 

- 

Vcc 

V 

Vbat - Vsns 

Vts 

Thermistor input 

0 

- 

Vcc 

V 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - Vsns 

Vmcv 

Maximum cell voltage 

0.2 * Vcc 

- 

0.4 * Vcc 

V 


Vtco 

Temperature cutoff 

0.2 * Vcc 

- 

0.4 * Vcc 

V 


VlH 

Logic input high 

Vcc - 1.0 

- 

- 

V 

CCMD, DCMD, DVEN 

Logic input high 

Vcc - 0.3 

- 

- 

V 

TMi, TM 2 

VlL 

Logic input low 

- 

- 

1.0 

V 

CCMD, DCMD, DVEN 

Logic input low 

- 

- 

0.3 

V 

TMi, TM 2 

VoH 

Logic output high 

Vcc - 0.5 

- 

- 

V 

DIS, TEMP, CHG, MOD, 

Ioh ^ -5mA 

VOL 

Logic output low 

- 

- 

0.5 

V 

DIS, TEMP, CHG, MOD, 

Iol < 5mA 

Icc 

Supply current 

- 

0.75 

2.2 

mA 

Outputs unloaded 

lOH 

DIS, TEMP, MOD, CHG source 

-5.0 

- 

- 

mA 

@Voh = Vcc - 0.5V 

IOL 

DIS, TEMP, MOD, CHG sink 

5.0 

- 

- 

mA 

@v 0L = Vss + 0.5V 

IlL 

Input leakage 

- 

- 

±1 

pA 

CCMD, DCMD, DVEN, 

V = V SS to Vcc 

Logic input low source 

- 

- 

70 

pA 

TMi, TM 2 , 

V = Vss to Vss + 0.3V 

IlH 

Logic input high source 

-70 

- 

- 

pA 

TMi, TM 2 , 

V = Vcc - 0.3V to Vcc 

Iiz 

TMi, TM 2 tri-state open 
detection 

-2.0 

- 

2.0 

pA 

TMi, TM 2 may be left dis- 
connected (floating) for Z 
logic input state 


Note: All voltages relative to Vss except as noted. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 

Ma 

Rmcv 

MCV input impedance 

50 

- 

- 

MO 

Rtco 

TCO input impedance 

50 

- 

- 

MO 

Rsns 

SNS input impedance 

50 

- 

- 

MO 

Rts 

TS input impedance 

50 

- 

- 

m a 


Timing (ta = oio+ 7 o°c; vcc+10%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tpw 

Pulse width for CCMD, 
DCMD pulse commands 

1 

- 

- 

ps 

Pulse start for charge or discharge- 
before-charge 

dFCV 

Time base variation 

-16 

- 

16 

% 

Vcc = 4.5V to 5.5V 

fREG 

MOD output regulation 
frequency 

- 

- 

300 

kHz 


tMCV 

Maximum voltage 
termination time limit 

200 

250 

300 

ms 

Time limit to distinguish battery re- 
moved from charge complete 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

5 

2 

Changed block diagram 

Changed diagram. 

5 

8 

Added top-off values to Table 2. 

Added values. 

6 

All 

Revised and expanded format of this data sheet 

Clarification 

7 

9 

Topr 

Deleted industrial temperature 
range. 


Notes: Changes 1-4: Please refer to the 1997 Data Book. 

Change 5 = Sept. 1996 F changes from Oct. 1993 E. 
Change 6 = Oct. 1997 G changes from Sept. 1996 F. 
Change 7 = June 1999 H changes from Oct. 1997 G. 


Ordering Information 


bq2003 


Package Option: 

PN = 16-pin narrow plastic DIP 
S = 16-pin SOIC 


L Device: 

bq2003 Fast-Charge IC 
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^ UNITRODE 

Fast-Charge Development System 

Control of On-Board Linear Current Regulator 

or External Current Source 


Features 

> bq2003 fast-charge control evaluation and develop- 
ment 

> Charge current sourced from an on-board linear 
regulator (1.25 A, modifiable for 0.1 to 1.5 A) or an 
external current source 

> Fast charge of 4 to 14 NiCd or NiMH cells 

> Fast-charge termination by AT/At, -AV, maximum 
temperature, time, and voltage 

>- -AV enable, hold-off, top-off, maximum time, 
number of cells, and off-board current source con- 
trol are jumper-configurable 

>- Charging status displayed on charge and tempera- 
ture LEDs 

> Discharge-before-charge control with push-button 
switch 

> Inhibit fast charge by external logic-level input 

General Description 

The DV2003L1 Development System provides a develop- 
ment environment for the bq2003 Fast-Charge IC. The 
DV2003L1 incorporates a bq2003 and an LM317 linear 
regulator to provide fast charge control for 4 to 14 NiCd 
or NiMH cells. The DV2003L1 also supports on/off con- 
trol of an external current source. 

The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, 
maximum voltage, or an external inhibit command. 

Jumper settings select the -AV enabled state, the hold- 
off, top-off, and maximum time limits, and enable the 
use of an external current source. 



The user provides a power supply and batteries. If the 
on-board 1.25A linear regulator is disabled, the external 
current source must have an appropriate digitally con- 
trolled switch (active high). The user configures the 
DV2003L1 for the number of cells, charge termination, 
maximum charge time (with or without top-off), and 
commands the discharge-before-charge option with the 
push-button switch SI. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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^ UNITRQDE 

Fast-Charge Development System 

Control of On-Board P-FET 
Switch-Mode Regulator 


Features 

> bq2003 fast-charge control evaluation and develop- 
ment 

>■ Charge current sourced from an on-board switch- 
mode regulator (up to 3.0 A) 

> Fast charge of 2 to 16 NiCd or NiMH cells 

> Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum volt- 
age 

>* -AV enable, hold-off, top-off, maximum time, and 
number of cells are jumper-configurable 

>• Charging status displayed on charge and tempera- 
ture LEDs 

>• Discharge-before-charge control with push-button 
switch 

>■ Inhibit fast charge by external logic-level input 

General Description 

The DV2003S1 Development System provides a develop- 
ment environment for the bq2003 Fast-Charge IC. The 
DV2003S1 incorporates a bq2003 and a buck-type 
switch-mode regulator to provide fast charge control for 
2 to 16 NiCd or NiMH cells. 

Review the bq2003 data sheet and the application note, 
“Using the bq2003 to Control Fast Charge,” before using 
the DV2003S1 board. 

The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, 
maximum voltage, or an external inhibit command. 
Jumper settings select the -AV enabled state, and the 
hold-off, top-off, and maximum time limits. 



The user provides a power supply and batteries. The 
user configures the DV2003S1 for the number of cells, 
-AV charge termination and maximum charge time 
(with or without top-off), and commands the discharge- 
before-charge option with the push-button switch SI. 

A full data sheet of this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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UNITRODE 

Fast-Charge Development System 

Control of On-Board N-FET 
Switch-Mode Regulator 


Features 

> bq2003 fast-charge control evaluation and develop- 
ment 

>- Charge current sourced from an on-board switch- 
mode regulator (up to 6.0 A) 

> Fast charge of 2 to 16 NiCd or NiMH cells 

> Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum volt- 
age 

>• -AV enable, hold-off, top-off, maximum time, and 
number of cells are jumper-configurable 

> Charging status displayed on charge and tempera- 
ture LEDs 

>• Discharge-before-charge control with push-button 
switch 

>- Inhibit fast charge by external logic-level input 

General Description 

The DV2003S2 Development System provides a develop- 
ment environment for the bq2003 Fast-Charge IC. The 
DV2003S2 incorporates a bq2003 and an n-FET buck- 
type switch-mode regulator to provide fast charge con- 
trol for 2 to 16 NiCd or NiMH cells. The primary differ- 
ence between the DV2003S2 and the DV2003S1 is in the 
switching FET Ql. The DV2003S1 uses a p-FET for bat- 
tery charge currents of 3.0A or less, whereas the 
DV2003S2 uses an n-FET to support charge currents up 
to 6.0A. 

Review the bq2003 data sheet and the application note, 
“Using the bq2003 to Control Fast Charge,” before using 
the DV2003S2 board. Also review the application note, 
“Step-Down Switching Current Regulation Using the 
bq2003,” for information concerning trade-offs between 
using P-FET and N-FET transistors for Ql. 



The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, 
maximum voltage, or an external inhibit command. 
Jumper settings select the -AV enabled state, and the 
hold-off, top-off, and maximum time limits. 

The user provides a power supply and batteries. The 
user configures the DV2003S2 for the number of cells, 
-AV charge termination, and maximum charge time 
(with or without top-off), and commands the discharge- 
before-charge option with the push-button switch SI. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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Features 

> Fast charge and conditioning of 
nickel cadmium or nickel-metal 
hydride batteries 

>■ Hysteretic PWM switch-mode 
current regulation or gated con- 
trol of an external regulator 

> Easily integrated into systems or 
used as a stand-alone charger 

> Pre-charge qualification of tem- 
perature and voltage 

>■ Configurable, direct LED outputs 
display battery and charge status 

>• Fast-charge termination by A tem- 
perature/A time, peak volume de- 
tection, -AV, maximum voltage, 
maximum temperature, and maxi- 
mum time 

> Optional top-off charge and 
pulsed current maintenance 
charging 

> Logic-level controlled low-power 
mode (< 5pA standby current) 


General Description 

The bq2004 Fast Charge IC provides 
comprehensive fast charge control 
functions together with high-speed 
switching power control circuitry on a 
monolithic CMOS device. 

Integration of closed-loop current 
control circuitry allows the bq2004 
to be the basis of a cost-effective so- 
lution for stand-alone and system- 
integrated chargers for batteries of 
one or more cells. 

Switch-activated discharge-before- 
charge allows bq2004-based chargers 
to support battery conditioning and 
capacity determination. 

High-efficiency power conversion is 
accomplished using the bq2004 as a 
hysteretic PWM controller for 
switch-mode regulation of the charg- 
ing current. The bq2004 may alterna- 
tively be used to gate an externally 
regulated charging current. 

Fast charge may begin on application 
of the charging supply, replacement 


bq2004 


Fast-Charge IC 

of the battery, or switch depression. 
For safety, fast charge is inhibited 
unless/until the battery tempera- 
ture and voltage are within config- 
ured limits. 

Temperature, voltage, and time are 
monitored throughout fast charge. 
Fast charge is terminated by any of 
the following: 

■ Rate of temperature time 
(AT/At) 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, optional top-off 
and pulsed current maintenance 
phases are available. 


Pin Connections 




“^7 


dcmdQ 

1 

16 

□ INH 

dselQ 

2 

15 

I] DIS 

vselQ 

3 

14 

^ MOD 

TMi □ 

4 

13 

□ vcc 

TM2 [Z 

5 

12 

□ vss 

-rood 

6 

11 

□ lED 2 

Tsd 

7 

10 

□ ledi 

batQ 

8 

9 

SNS 

16-Pin Narrow DIP 

or Narrow SOIC 
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Pin Names 

DCMD 

Discharge command 

DSEL 

Display select 

VSEL 

Voltage termination 
select 

TMi 

Timer mode select 1 

TM 2 

Timer mode select 2 

TCO 

Temperature cutoff 

TS 

Temperature sense 

BAT 

Battery voltage 


SNS 

Sense resistor input 

LEDi 

Charge status output 1 

led 2 

Charge status output 2 

Vss 

System ground 

Vcc 

5.0V ±10% power 

MOD 

Charge current control 

DIS 

Discharge control 
output 

INH 

Charge inhibit input 
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Pin Descriptions 

DCMD Discharge-before-charge control input 

The DCMD input controls the con ditions 
that enable discharge-before-charge. DCMD 
is pulle d up in ternally. A negative-going 
pulse on DCMD initiates a discharge to end- 
of-discharge voltage (EDV) on the BAT pin, 
followed by a new charge cycle start. Tying 
DCMD to ground enables automatic 
discharge-before-charge on every new charge 
cycle start. 

DSEL Display select input 

This three-state input configures the charge 
status display mode of the LEDi and LED 2 
outputs. See Table 2. 

VSEL Voltage termination select input 

This three-state input controls the voltage- 
termination technique used by the bq2004. 
When high, PVD is active. When floating, 
-AV is used. When pulled low, both PVD and 
-AV are disabled. 

TMi- Timer mode inputs 

TM 2 

TMi and TM 2 are three-state inputs that 
configure the fast charge safety timer, voltage 
termination hold-off time, "top-off”, and 
trickle charge control. See Table 1. 

TCO Temperature cut-off threshold input 

Input to set maximum allowable battery 
temperature. If the potential between TS 
and SNS is less than the voltage at the TCO 
input, then fast charge or top-off charge is ter- 
minated. 

TS Temperature sense input 

Input, referenced to SNS, for an external 
thermister monitoring battery temperature. 

BAT Battery voltage input 

BAT is the battery voltage sense input, refer- 
enced to SNS. This is created by a high- 
impedance resistor-divider network con- 
nected between the positive and the negative 
terminals of the battery. 
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SNS Charging current sense input 

SNS controls the switching of MOD based on 
an external sense resistor in the current 
path of the battery. SNS is the reference po- 
tential for both the TS and BAT pins. If 
SNS is connected to Vss, then MOD switches 
high at the beginning of charge and low at 
the end of charge. 

LEDi- Charge status outputs 

LED 2 

Push-pull outputs indicating charging 
status. See Table 2. 

Vss Ground 

Vcc Vcc supply input 

5.0V, ±10% power input. 

MOD Charge current control output 

MOD is a push-pull output that is used to 
control the charging current to the battery. 
MOD switches high to enable charging cur- 
rent to flow and low to inhibit charging 
current flow. 

DIS Discharge control output 

Push-pull output used to control an external 
transistor to discharge the battery before 
charging. 

INH Charge inhibit input 

When low, the bq2004 suspends all charge 
actions, drives all outputs to high imped- 
ance, and assumes a low-power operational 
state. When transitioning from low to high, a 
new charge cycle is started. 
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Functional Description 

Figure 3 shows a block diagram and Figure 4 shows a 
state diagram of the bq2004. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
two-cell potential for the battery under charge. A 
resistor-divider ratio of: 

RBI _ N 
RB2 2 " 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kL2 and less than 1M£1 

A ground-referenced negative temperature coefficient ther- 
mistor placed in proximity to the battery may be used as a 
low-cost temperature-to-voltage transducer. The tempera- 
ture sense voltage input at TS is developed using a 
resistor-thermistor network between Vcc and Vss. See 
Figure 1. Both the BAT and TS inputs are referenced to 
SNS, so the signals used inside the IC are: 

VbAT - VsNS = VcELL 

and 

Vts - VsNS = Vtemp 


Discharge-Before-Charge 

The DCMD input is used to command discharge-before- 
charge via the DIS output. Once activated, DIS becomes 
active (high) until Vcell falls below Vedv, at which time 
DIS goes low and a new fast charge cycle begins. 

The DCMD input is internally pulled up to Vcc (its inac- 
tive state). Leaving the input unconnected, therefore, 
results in disab ling dis charge-before-charge. A negative 
going pulse on DCMD initiates discharge-before-charge 
at any ti me rega rdless of the current state of the 
bq2004. If DCMD is tied to Vss, discharge-before-charge 
will be the first step in all newly started charge cycles. 

Starting a Charge Cycle 

A new charge cycle (see Figure 2) is started by: 

1. Vcc rising above 4.5V 

2. Vcell falling through the maximum cell voltage, 
Vmcv where: 

Vmcv = 0.8 * Vcc ± 30mV 

3. A transition on the INH input from low to high. 

If DCMD is tied low, a discharge-before-charge is exe- 
cuted as the first step of the new charge cycle. Other- 
wise, pre-charge qualification testing is the first step. 

The battery must be within the configured temperature 
and voltage limits before fast charging begins. 

The valid battery voltage range is Vedv < Vbat < Vmcv 
where: 

Vedv = 0.4 * Vcc ± 30mV 

The valid temperature range is Vhtf < Vtemp < Vltf, 
where: 



Figure 1. Voltage and Temperature Monitoring 
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Dis- 

charge 

(Optional) 

Charge 

Pending* 

(Pulse-Trickle) 

Fast Charging 

Top-Off 

(Optional) 

Pulse-Trickle 


DIS 


Switch-mode 
MOD Configuration 


- 260jus 


or 

External 

MOD Regulation 


(SNS Grounded) 

Mode 1 , LED 2 Status Output 


Mode 1, LED-| Status Output 


i_ 


Mode 2, LED 2 Status Output 


Mode 2, LEDi Status Output 


L . 


|^— 2080 jus— >| 
H — 260jUS 


2080iUS— >| 


■11 ihhiimi 111 111 


- 260jus 


Note* — ►! 
— 260jus 


- Note* - 


Mode 3, LED 2 Status Output 




Mode 3, LED-| Status Output 


Battery within temperature/voltage limits. 

L Battery discharged to 0.4 * Vqq. Battery outside 
temperature/voltage limits. 

— Discharge-Before-Charge started 


*See Table 3 for pulse-trickle period. 
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Figure 2. Charge Cycle Phases 
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Vltf = 0.4 * Vcc ± 30mV 

Vhtf = [(1/4 * Vltf) + (3/4 * Vtco)] ± 30mV 

Note: The low temperature fault (LTF) threshold is not 
enforced if the IC is configured for PVD termination 
(VSEL = high). 

Vtco is the voltage presented at the TCO input pin, and is 
configured by the user with a resistor divider between Vcc 
and ground. The allowed range is 0.2 to 0.4 * Vcc- 

If the temperature of the battery is out of range, or the 
voltage is too low, the chip enters the charge pending 
state and waits for both conditions to fall within their al- 
lowed limits. The MOD output is modulated to provide 
the configured trickle charge rate in the charge pending 
state. There is no time limit on the charge pending 
state; the charger remains in this state as long as the 
voltage or temperature conditons are outside of the al- 
lowed limits. If the voltage is too high, the chip goes to 
the battery absent state and waits until a new charge 
cycle is started. 

Fast charge continues until termination by one or more 
of the six possible termination conditions: 

■ Delta temperature/delta time (AT/At) 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

PVD and -AV Termination 

The bq2004 samples the voltage at the BAT pin once 
every 34s. When -AV termination is selected, if Vcell is 
lower than any previously measured value by 12mV 
±4mV (6mV/cell), fast charge is terminated. When PVD 
termination is selected, if Vcell is lower than any previ- 
ously measured value by 6mV ±2mV (3mV/cell), fast 
charge is terminated. The PVD and -AV tests are valid 
in the range 0.4 * Vcc < Vcell < 0.8 * Vcc- 


VSEL Input 

Voltaae Termination 

Low 

Disabled 

Float 

-AV 

High 

PVD 


Voltage Sampling 

Each sample is an average of voltage measurements 
taken 57ps apart. The IC takes 32 measurements in 
PVD mode and 16 measurements in -AV mode. The re- 


sulting sample periods (9.17ms and 18.18ms, respec- 
tively) filter out harmonics centered around 55Hz and 
109Hz. This technique minimizes the effect of any AC 
line ripple that may feed through the power supply from 
either 50Hz or 60Hz AC sources. Tolerance on all tim- 
ing is ±16%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off period, -AV termination is disabled. 
This avoids premature termination on the voltage 
spikes sometimes produced by older batteries when 
fast-charge current is first applied. AT/At, maximum 
voltage and maximum temperature terminations are 
not affected by the hold-off period. 

AT/At Termination 

The bq2004 samples at the voltage at the TS pin every 
34s, and compares it to the value measured two samples 
earlier. If Vtemp has fallen 16mV ±4mV or more, fast 
charge is terminated. If VSEL = high, the AT/At termi- 
nation test is valid only when Vtco < Vtemp < Vtco + 
0.2 * Vcc- Otherwise the AT/At termination test is valid 
only when Vtco < Vtemp < Vltf- 

Temperature Sampling 

Each sample is an average of 16 voltage measurements 
taken 57ps apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Maximum Voltage, Temperature, and Time 

Anytime Vcell rises above Vmcv, the LEDs go off and 
charging ceases immediately. If Vcell then falls back be- 
low Vmcv before tMCV = 1.5s ±0.5s, the chip transitions to 
the Charge Complete state (maximum voltage termina- 
tion). If Vcell remains above Vmcv at the expiration of 
tMCV, the bq2004 transitions to the Battery Absent state 
(battery removal). See Figure 4. 

Maximum temperature termination occurs anytime 
Vtemp falls below the temperature cutoff threshold 
Vtco- Unless PVD termination is enabled (VSEL = 
high), charge will also be terminated if Vtemp rises 
above the low temperature fault threshold, Vltf, after 
fast charge begins. The Vltf threshold is not enforced 
when the IC is configured for PVD termination. 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/4, C/2, 1C, and 2C. Maximum time-out termi- 
nation is enforced on the fast-charge phase, then reset, 
and enforced again on the top-off phase, if selected. 
There is no time limit on the trickle-charge phase. 
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Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for the C/2 through 4 C 
rates. This phase may be necessary on NiMH or other 
battery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time equal to 
the fast-charge safety time (See Table 1.) During top- 
off, the MOD pin is enabled at a duty cycle of 260jlls ac- 
tive for every 1820ps inactive. This modulation results 
in an average rate 1/8 th that of the fast charge rate. 
Maximum voltage, time, and temperature are the only 
termination methods enabled during top-off. 

Pulse-Trickle Charge 

Pulse-trickle charging follows the fast charge and op- 
tional top-off charge phases to compensate for self- 
discharge of the battery while it is idle in the charger. 
The configured pulse-trickle rate is also applied in the 
charge pending state to raise the voltage of an over- 
discharged battery up to the minimum required before 
fast charge can begin. 

In the pulse-trickle mode, MOD is active for 260ps of a 
period specified by the settings of TM1 and TM2. See 
Table 1. The resulting trickle-charge rate is C/64 when 
top-off is enabled and C/32 when top-off is disabled. 
Both pulse trickle and top-off may be disabled by tying 
TM1 and TM2 toVss- 


Charge Status Indication 

Charge status is indicated by the LEDi and LED 2 out- 
puts. The state of these outputs in the various charge cy- 
cle phases is given in Table 2 and illustrated in Figure 2. 

In all cases, if Vcell exceeds the voltage at the MCV 
pin, both LEDi and LED 2 outputs are held low regard- 
less of other conditions. Both can be used to directly 
drive an LED. 

Charge Current Control 

The bq2004 controls charge current through the MOD 
output pin. The current control circuitry is designed to 
support implementation of a constant-current switching 
regulator or to gate an externally regulated current 
source. 

When used in switch mode configuration, the nominal 
regulated current is: 

Ireg = 0.225V/Rsns 

Charge current is monitored at the SNS input by the 
voltage drop across a sense resistor, Rsns, between the 
low side of the battery pack and ground. Rsns is sized to 
provide the desired fast charge current. 

If the voltage at the SNS pin is less than VsNSLO, the 
MOD output is switched high to pass charge current to 
the battery. 


Table 1 . Fast-Charge Safety Time/Hold-Off/Top-Off Table 


Corresponding 

Fast-Charge 

Rate 

TM1 

TM2 

Typical 

Fast-Charge Safety 
Time (minutes) 

Typical 

PVD, -AV Hold-Off 
Time (seconds) 

Top-Off 

Rate 

Pulse- 

Trickle 

Rate 

Pulse- 
Trickle 
Period (Hz) 

C/4 

Low 

Low 

360 

137 

Disabled 

Disabled 

Disabled 

C/2 

Float 

Low 

180 

820 

Disabled 

C/32 

240 

1C 

High 

Low 

90 

410 

Disabled 

C/32 

120 

2C 

Low 

Float 

45 

200 

Disabled 

C/32 

60 

4C 

Float 

Float 

23 

100 

Disabled 

C/32 

30 

C/2 

High 

Float 

180 

820 

C/16 

C/64 

120 

1C 

Low 

High 

90 

410 

C/8 

C/64 

60 

2C 

Float 

High 

45 

200 

C/4 

C/64 

30 

4C 

High 

High 

23 

100 

C/2 

C/64 

15 


Note: Typical conditions = 25°C, Vcc = 5.0V. 
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When the SNS voltage is greater than Vsnshi, the MOD 
output is switched low — shutting off charging current to 
the battery. 


When used to gate an externally regulated current 
source, the SNS pin is connected to Vss, and no sense re- 
sisitor is required. 


Vsnslo = 0.04 * Vcc ± 25mV 
Vsnshi = 0.05 * Vcc ± 25mV 


Table 2. bq2004 LED Status Display Options 


Mode 1 

Charqe Status 

LEDi 

led 2 

DSEL = Vss 

Battery absent 

Low 

Low 

Fast charge pending or discharge-before-charge in progress 

High 

High 

Fast charge in progress 

Low 

High 

Charge complete, top-off, and/or trickle 

High 

Low 

Mode 2 

Charqe Status 


LED 2 

DSEL = Floating 

Battery absent, fast charge in progress or complete 

Low 

Low 

Fast charge pending 

High 

Low 

Discharge in progress 

Low 

High 

Top-off in progress 

High 

High 

Mode 3 

Charqe Status 


LED? 

DSEL = Vcc 

Battery absent 

Low 

Low 

Fast charge pending or discharge-before-charge in progress 

Low 

l/8s high 
l/8s low 

Fast charge in progress 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 


LED1 

LED2 

DSEL 


DCMD 

DVEN 


TM1 TM2 TCO 



DIS MOD INH 


V CC V SS 


TS 


SNS 


BAT 
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Figure 3. Block Diagram 
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*VSEL = High disables LTF threshold enforcement 

SD2004.eps 


Figure 4. State Diagram 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = topr; vcc ±1 o%) 


Symbol 

Parameter 

Ratinq 

Tolerance 

Unit 

Notes 

VsNSHI 

High threshold at SNS result- 
ing in MOD = Low 

0.05 * Vcc 

±0.025 

V 


VsNSLO 

Low threshold at SNS result- 
ing in MOD = High 

0.04 * Vcc 

±0.010 

V 


Vltf 

Low-temperature fault 

0.4 * Vcc 

±0.030 

V 

Vtemp ^ Vltf inhib- 
its/terminates charge 

Vhtf 

High-temperature fault 

(1/4 * Vltf) + (2/3 * Vtco) 

±0.030 

V 

Vtemp ^ Vhtf inhibits 
charge 

Vedv 

End-of-discharge voltage 

0.4 * Vcc 

±0.030 

V 

Vcell < Vedv inhibits 
fast charge 

Vmcv 

Maximum cell voltage 

0.8 * Vcc 

±0.030 

V 

Vcell > Vmcv inhibits/ 
terminates charge 

Vtherm 

TS input change forAT/At 
detection 

-16 

±4 

mV 

Vcc = 5V, T a = 25°C 

-AV 

BAT input change for -AV 
detection 

-12 

±4 

mV 

Vcc = 5V, T a = 25°C 

PVD 

BAT input change for PVD 
detection 

-6 

±2 

mV 

Vcc = 5V, T a = 25°C 
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Recommended DC Operating Conditions <ta = topr) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


Vbat 

Battery input 

0 

- 

V cc 

V 


VCELL 

BAT voltage potential 

0 

- 

Vcc 

V 

Vbat - Vsns 

Vts 

Thermistor input 

0 

- 

Vcc 

V 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - Vsns 

Vtco 

Temperature cutoff 

0.2 * Vcc 

- 

0.4 * Vcc 

V 

Valid AT/At range 

VlH 

Logic input high 

2.0 

- 

- 

V 

DCMD, INH 

Logic input high 

Vcc - 0.3 

- 

- 

V 

TMi, TM 2 , DSEL, VSEL 

VlL 

Logic input low 

- 

- 

0.8 

V 

DCMD, INH 

Logic input low 

- 

- 

0.3 

V 

TMi, TM 2 , DSEL, VSEL 

VOH 

Logic output high 

Vcc - 0.8 

- 

- 

V 

DIS, MOD, LEDi, LED 2 , 

Ioh ^ -10mA 

VOL 

Logic output low 

- 

- 

0.8 

V 

DIS, MOD, LEDi, LED 2 , 

Iol ^ 10mA 

Icc 

Supply current 

- 

1 

3 

mA 

Outputs unloaded 

IsB 

Standby current 

- 

- 

1 

gA 

!nh = Vil 

lOH 

DIS, LEDi, LED 2 , MOD source 

-10 

- 

- 

mA 

@Voh = Vcc - 0.8V 

IOL 

DIS, LEDi, LED 2 , MOD sink 

10 

- 

- 

mA 

@Vol = Vss + 0.8V 

II 

Input leakage 

- 

- 

±1 

HA 

INH, BAT, V = Vss to Vcc 

Input leakage 

50 

- 

400 


DCMD, V = Vss to Vcc 

IlL 

Logic input low source 

- 

- 

70 

HA 

TMi, TM 2 , DSEL, VSEL, 

V = Vss to Vss + 0.3V 

IlH 

Logic input high source 

-70 

- 

- 

ha 

TMi, TM 2 , DSEL, VSEL, 

V = Vcc - 0.3V to Vcc 

Iiz 

Tri-state 

-2 

- 

2 

HA 

TMi, TM 2 , DSEL, and VSEL 
should be left disconnected 
(floating) for Z logic input state 


Note: All voltages relative to Vss except as noted. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 

- 

- 

MQ 

Rts 

TS input impedance 

50 

- 

- 

MQ 

Rtco 

TCO input impedance 

50 

- 

- 

mq 

Rsns 

SNS input impedance 

50 

- 

- 

MQ 


Timing (ta = o to +7o°c; vcc ±10%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tpw 

Pulse width for DCMD 
and INH pulse command 

1 

- 

- 

gs 

Pulse start for charge or discharge 
before charge 

dFCV 

Time base variation 

-16 

- 

16 

% 

Vcc = 4.75V to 5.25V 

fREG 

MOD output regulation 
frequency 

- 

- 

300 

kHz 


tMCV 

Maximum voltage termi- 
nation time limit 

1 

- 

2 

s 

Time limit to distinguish battery re- 
moved from charge complete. 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

10 

Standby current ISB 

Was 5 juA max; is 1 juA max 

2 

9 

Vbsnslo Rating 

Was: Vsnshi - (0.01 * Vcc) 

Is: 0.04 * Vcc 

2 

7 

Correction in Peak Voltage Detect Termination section 

Was VCELL; is VBAT 

2 

3 

Added block diagram 

Diagram insertion 

2 

7 

Added VSEL/termination table 

Table insertion 

2 

8 

Added values to Table 3 

Top-off rate values 

3 

7 

V SEL/Termination 

Low, High changed 

4 

All 

Revised and expanded format of this data sheet 

Clarification 

5 

9 

Corrected Vhtf rating 

Was: (1/3 * Vltf) + (2/3 * Vtco) 
Is: (1/4 * Vltf) + (3/4 * Vtco) 

6 

9 

Topr 

Deleted industrial tempera- 
ture range 


Notes: Change 1 = Apr. 1994 B “Final” changes from Dec. 1993 A “Preliminary.” 

Change 2 = Sept. 1996 C changes from Apr. 1994 B. 

Change 3 = April 1997 C changes from Sept. 1996 C. 

Change 4 = Oct. 1997 D changes from April 1997 C. 

Change 5 = Jan. 1998 E changes from Oct. 1997 D. 

Change 6 = June 1999 F changes from Jan. 1998 E. 

Ordering Information 


bq2004 


L Package Option: 

PN = 16-pin narrow plastic DIP 
SN = 16-pin narrow SOIC 

— Device: 

bq2004 Fast-Charge IC 
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Product Brief DV2004L1 


UNITRODE 

Fast-Charge Development System 

Control of PNP Power Transistor 


Features 

> bq2004 fast-charge control evaluation and develop- 
ment 

> Charge current sourced from an on-board frequency- 
modulated linear regulator (up to 3.0 A) 

> Fast charge of 4 to 10 NiCd or NiMH cells and one 
user-defined selection 

>- Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV) or peak volt- 
age detect, maximum temperature, maximum time, 
and maximum voltage 

> -AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

> Programmable charge status display 

> Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

> Inhibit fast charge by logic-level input 

General Description 

The DV2004L1 Development System provides a develop- 
ment environment for the bq2004 Fast-Charge IC. The 
DV2004L1 incorporates a bq2004 and a frequency- 
modulated linear regulator to provide fast charge control 
for 4 to 10 NiCd or NiMH cells. 

The fast charge is terminated by any of the following: 
AT/At, -AV or peak voltage detect, maximum tempera- 
ture, maximum time, maximum voltage, or an inhibit 
command. Jumper settings select the voltage termina- 
tion mode, the hold-off, top-off, and maximum time lim- 
its, and automatic discharge-before-charge. 

The user provides a power supply and batteries. The 
user configures the DV2004L1 for the number of cells, 
voltage, charge termination mode, and maximum charge 
time (with or without top-off), and commands the 
discharge-before-charge option with the push-button 
switch SI. 



Please review the bq2004 data sheet before using the 
DV2004L1 board. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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DV2004L1 Board Schematic 
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Rev. B Board 
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Features 

> Fast charge and conditioning of 
nickel cadmium or nickel-metal 
hydride batteries 

> Hysteretic PWM switch-mode 
current regulation or gated con- 
trol of an external regulator 

> Easily integrated into systems or 
used as a stand-alone charger 

>• Pre-charge qualification of tem- 
perature and voltage 

V Configurable, direct LED outputs 
display battery and charge status 

>- Fast-charge termination by A tem- 
perature/A time, peak volume de- 
tection, -AV, maximum voltage, 
maximum temperature, and maxi- 
mum time 

>■ Optional top-off charge and 
pulsed current maintenance 
charging 

> Logic-level controlled low-power 
mode (< 5pA standby current) 


Pin Connections 







dcmdQ 

1 

16 

INH 

dselQ 

2 

15 

I] DIS 

vselH 

3 

14 

^2 MOD 

TMlC 

4 

13 

□ V CC 

tm 2 E 

5 

12 

□ v S s 

TCO [Z 

6 

11 

□ lED 2 

TSC 

7 

10 

□ ledi 

batQ 

8 

9 

SNS 

i 16-Pin Narrow DIP 

or Narrow SOIC 




PN2004E01.eps 
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General Description 

The bq2004E and bq2004H Fast 
Charge ICs provide comprehensive 
fast charge control functions together 
with high-speed switching power con- 
trol circuitry on a monolithic CMOS 
device. 

Integration of closed-loop current 
control circuitry allows the bq2004 
to be the basis of a cost-effective so- 
lution for stand-alone and system- 
integrated chargers for batteries of 
one or more cells. 

Switch-activated discharge-before- 
charge allows bq2004E/H-based charg- 
ers to support battery conditioning 
and capacity determination. 

High-efficiency power conversion is 
accomplished using the bq2004E/H as 
a hysteretic PWM controller for 
switch-mode regulation of the charg- 
ing current. The bq2004E/H may al- 
ternatively be used to gate an exter- 
nally regulated charging current. 

Fast charge may begin on application 
of the charging supply, replacement 
of the battery, or switch depression. 
For safety, fast charge is inhibited 
unless/until the battery tempera- 


bq2004E/H 


Fast-Charge ICs 

ture and voltage are within config- 
ured limits. 

Temperature, voltage, and time are 
monitored throughout fast charge. 
Fast charge is terminated by any of 
the following: 

■ Rate of temperature rise 
(AT/At) 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, optional top-off 
and pulsed current maintenance 
phases with appropriate display 
mode selections are available. 

The bq2004H differs from the 
bq2004E only in that fast charge, 
hold-off, and top-off time units have 
been scaled up by a factor of two, 
and the bq2004H provides different 
display selections. Timing differ- 
ences between the two ICs are illus- 
trated in Table 1. Display differ- 
ences are shown in Table 2. 


Pin Names 


DCMD 

Discharge command 

SNS 

Sense resistor input 

DSEL 

Display select 

LEDi 

Charge status output 1 

VSEL 

Voltage termination 

led 2 

Charge status output 2 


select 

Vss 

System ground 

TMi 

Timer mode select 1 

Vcc 

5.0V ±10% power 

tm 2 

Timer mode select 2 

MOD 

Charge current control 

TCO 

Temperature cutoff 

DIS 

Discharge control 

TS 

Temperature sense 


output 

BAT 

Battery voltage 

INH 

Charge inhibit input 
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Pin Descriptions 

DCMD Discharge-before-charge control input 

The DCMD input controls the con ditions 
that enable discharge-before-charge. DCMD 
is pulle d up in ternally. A negative-going 
pulse on DCMD initiates a discharge to end- 
of-discharge voltage (EDV) on the BAT pin, 
followed by a new charge cycle start. Tying 
DCMD to ground enables automatic 
discharge-before-charge on every new charge 
cycle start. 

DSEL Display select input 

This three-state input configures the charge 
status display mode of the LEDi and LED 2 out- 
puts and can be used to disable top-off and 
pulsed-trickle. See Table 2. 

VSEL Voltage termination select input 

This three-state input controls the voltage- 
termination technique used by the 
bq2004E/H. When high, PVD is active. 
When floating, -AV is used. When pulled low, 
both PVD and -AV are disabled. 

TMi- Timer mode inputs 

TM 2 

TMi and TM 2 are three-state inputs that 
configure the fast charge safety timer, voltage 
termination hold-off time, “top-off”, and 
trickle charge control. See Table 1. 

TCO Temperature cut-off threshold input 

Input to set maximum allowable battery 
temperature. If the potential between TS 
and SNS is less than the voltage at the TCO 
input, then fast charge or top-off charge is ter- 
minated. 

TS Temperature sense input 

Input, referenced to SNS, for an external 
thermister monitoring battery temperature. 

BAT Battery voltage input 

BAT is the battery voltage sense input, refer- 

enced to SNS. This is created by a high- 
impedance resistor-divider network con- 
nected between the positive and the negative 
terminals of the battery. 
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SNS Charging current sense input 

SNS controls the switching of MOD based on 
an external sense resistor in the current 
path of the battery. SNS is the reference po- 
tential for both the TS and BAT pins. If 
SNS is connected to Vss, then MOD switches 
high at the beginning of charge and low at 
the end of charge. 

LEDi- Charge status outputs 

LED 2 

Push-pull outputs indicating charging 
status. See Table 2. 

Vss Ground 

Vcc Vcc supply input 

5.0V, ±10% power input. 

MOD Charge current control output 

MOD is a push-pull output that is used to 
control the charging current to the battery. 
MOD switches high to enable charging cur- 
rent to flow and low to inhibit charging 
current flow. 

DIS Discharge control output 

Push-pull output used to control an external 
transistor to discharge the battery before 
charging. 

INH Charge inhibit input 

When low, the bq2004E/H suspends all 
charge actions, drives all outputs to high im- 
pedance, and assumes a low-power opera- 
tional state. When transitioning from low to 
high, a new charge cycle is started. 
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Functional Description 

Figure 2 shows a block diagram and Figure 3 shows a 
state diagram of the bq2004E/H. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for 
maximum allowable values. The voltage presented on 
the battery sense input, BAT, should represent a 
two-cell potential for the battery under charge. A 
resistor-divider ratio of: 

RBI _ N 
RB2 2 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kD and less than 1MO. 

A ground-referenced negative temperature coefficient ther- 
mistor placed in proximity to the battery may be used as a 
low-cost temperature-to-voltage transducer. The tempera- 
ture sense voltage input at TS is developed using a 
resistor-thermistor network between Vcc and Vss. See 
Figure 1. Both the BAT and TS inputs are referenced to 
SNS, so the signals used inside the IC are: 

VbAT - VsNS = VcELL 

and 

Vts - VsNS = Vtemp 


Discharge-Before-Charge 

The DCMD input is used to command discharge-before- 
charge via the DIS output. Once activated, DIS becomes 
active (high) until Vcell falls below Vedv, at which time 
DIS goes low and a new fast charge cycle begins. 

The DCMD input is internally pulled up to Vcc (its inac- 
tive state). Leaving the input unconnected, therefore, 
results in disab ling dis charge-before-charge. A negative 
going pulse on DCMD initiates discharge-before-charge 
at any ti me rega rdless of the current state of the 
bq2004. If DCMD is tied to Vss, discharge-before-charge 
will be the first step in all newly started charge cycles. 

Starting A Charge Cycle 

A new charge cycle is started by: 

1. Application of Vcc power. 

2. Vcell falling through the maximum cell voltage, 
Vmcv where: 

Vmcv = 0.8 * Vcc ± 30mV 

3 . A transition on the INH input from low to high. 

If DCMD is tied low, a discharge-before-charge will be 
executed as the first step of the new charge cycle. Oth- 
erwise, pre-charge qualification testing will be the first 
step. 

The battery must be within the configured temperature 
and voltage limits before fast charging begins. 

The valid battery voltage range is Vedv < Vbat < Vmcv 
where: 

Vedv = 0.4 * Vcc ± 30mV 
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Figure 1. Voltage and Temperature Monitoring 
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Figure 2. Block Diagram 


The valid temperature range is Vhtf < Vtemp < Vltf, 
where: 

Vltf = 0.4 * Vcc ± 30mV 

Vhtf = [(1/3 * Vltf) + (2/3 * Vtco)1 ± 30mV 

Vtco is the voltage presented at the TCO input pin, and is 
configured by the user with a resistor divider between Vcc 
and ground. The allowed range is 0.2 to 0.4 * Vcc- 

If the temperature of the battery is out of range, or the 
voltage is too low, the chip enters the charge pending 
state and waits for both conditions to fall within their al- 
lowed limits. During the charge-pending mode, the IC 
first applies a top-off charge to the battery. 

The top-off charge, at the rate of 1/8 of the fast charge, 
continues until the fast-charge conditions are met or the 
top-off time-out period is exceeded. The IC then trickle 
charges until the fast-charge conditions are met. There 
is no time limit on the charge pending state; the charger 
remains in this state as long as the voltage or tempera- 
ture conditons are outside of the allowed limits. If the 
voltage is too high, the chip goes to the battery absent 
state and waits until a new charge cycle is started. 
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Fast charge continues until termination by one or more 
of the six possible termination conditions: 

■ Delta temperature/delta time (AT/At) 

■ Peak voltage detection (PVD) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

PVD and -AV Termination 

The bq2004E/H samples the voltage at the BAT pin once 
every 34s. When -AV termination is selected, if Vcell is 
lower than any previously measured value by 12mV 
±4mV (6mV/cell), fast charge is terminated. When PVD 
termination is selected, if Vcell is lower than any previ- 
ously measured value by 6mV ±2mV (3mV/cell), fast 
charge is terminated. The PVD and -AV tests are valid 
in the range 0.4 * Vcc < Vcell < 0.8 * Vcc- 
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VSEL Input 

Voltaqe Termination 

Low 

Disabled 

Float 

-AV 

High 

PVD 


Voltage Sampling 

Each sample is an average of voltage measurements. 
The IC takes 32 measurements in PVD mode and 16 
measurements in -AV mode. The resulting sample peri- 
ods (9.17ms and 18.18ms, respectively) filter out har- 
monics centered around 55Hz and 109Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Temperature and Voltage Termination 
Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off period, -AV and AT/At termination 
are disabled. The MOD pin is enabled at a duty cycle of 
260jxs active for every 1820|±s inactive. This modulation 
results in an average rate l/8th that of the fast charge 
rate. This avoids premature termination on the voltage 
spikes sometimes produced by older batteries when 
fast-charge current is first applied. Maximum voltage 
and maximum temperature terminations are not af- 
fected by the hold-off period. 


AT/At Termination 

The bq2004E/H samples at the voltage at the TS pin 
every 34s, and compares it to the value measured two 
samples earlier. If Vtemp has fallen 16mV ±4mV or 
more, fast charge is terminated. The AT/At termination 
test is valid only when Vtco < Vtemp < Vltf- 

Temperature Sampling 

Each sample is an average of 16 voltage measurements. 
The resulting sample period (18.18ms) filters out har- 
monics around 55Hz. This technique minimizes the ef- 
fect of any AC line ripple that may feed through the 
power supply from either 50Hz or 60Hz AC sources. Tol- 
erance on all timing is ±16%. 

Maximum Voltage, Temperature, and Time 

Anytime Vcell rises above Vmcv, the LEDs go off and cur- 
rent flow into the battery ceases immediately. If Vcell 
then falls back below Vmcv before tMCV = 1.5s ±0.5s, the 
chip transitions to the Charge Complete state (maximum 
voltage termination). If Vcell remains above Vmcv at the 
expiration of tMCV, the bq2004E/H transitions to the Bat- 
tery Absent state (battery removal). See Figure 3. 

Maximum temperature termination occurs anytime 
Vtemp falls below the temperature cutoff threshold 
Vtco. Charge will also be terminated if Vtemp rises 
above the low temperature fault threshold, Vltf, after 
fast charge begins. 


Table 1. Fast Charge Safety Time/Hold-Off/Top-Off Table 


Corresponding 

Fast-Charge 

Rate 

TM1 

TM2 

Typical 

Fast-Charge 

Safety 

Time (min) 

Typical 

PVD, -AV 
Hold-Off 
Time (s) 

Top-Off 

Rate 

Pulse- 

Trickle 

Rate 

Pulse- 
Trickle 
Period (Hz) 

2004E 

2004H 

2004E 

2004H 

2004E 

2004H 

2004E 

2004H 

2004E 

2004H 

C/4 

C/8 

Low 

Low 

325 

650 

137 

273 

Disabled 

Disabled 

Disabled 

C/2 

C/4 

Float 

Low 

154 

325 

546 

546 

Disabled 

C/512 

15 

30 

1C 

C/2 

High 

Low 

77 

154 

273 

546 

Disabled 

C/512 

7.5 

15 

2C 

1C 

Low 

Float 

39 

77 

137 

273 

Disabled 

C/512 

3.75 

7.5 

4C 

2C 

Float 

Float 

19 

39 

68 

137 

Disabled 

C/512 

1.88 

3.75 

C/2 

C/4 

High 

Float 

154 

325 

546 

546 

C/16 

C/32 

C/512 

15 

30 

1C 

C/2 

Low 

High 

77 

154 

273 

546 

C/8 

C/16 

C/512 

7.5 

15 

2C 

1C 

Float 

High 

39 

77 

137 

273 

C/4 

C/18 

C/512 

3.75 

7.5 

4C 

2C 

High 

High 

19 

39 

68 

137 

C/2 

C/4 

C/512 

1.88 

3.75 


Note: Typical conditions = 25°C, Vcc = 5.0V. 
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Table 2. bq2004E/H LED Output Summary 


Mode 1 
bq2004E 

Charge Action State 

LEDi 

led 2 

DSEL = Vss 

Battery absent 

Low 

Low 

Fast charge pending or a discharge-before-charge in progress 

High 

High 

Fast charging 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 

Mode 1 
bq2004H 

Charge Action State 

LEDi 

led 2 

DSEL = Vss 

Battery absent 

Low 

Low 

Discharge-before-charge in progress 

High 

High 

Fast charge pending 

Low 

y 8 second high 
y 8 second low 

Fast charging 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 

Mode 2 
bq2004E 

Charge Action State (See note) 

LEDi 

led 2 

DSEL = Floating 

Battery absent 

Low 

Low 

Fast charge pending or discharge-before-charge in progress 

High 

High 

Fast charging 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 

Mode 2 
bq2004H 

Charge Action State (See note) 

LEDi 

led 2 

DSEL = Floating 

Battery absent 

Low 

Low 

Discharge-before-charge in progress 

High 

High 

Fast charge pending 

Low 

y 8 second high 
y 8 second low 

Fast charging 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 

Mode 3 
bq2004E/H 

Charge Action State 

LEDi 

led 2 

DSEL = Vcc 

Battery absent 

Low 

Low 

Fast charge pending or discharge-before-charge in progress 

Low 

y 8 second high 
y Q second low 

Fast charging 

Low 

High 

Fast charge complete, top-off, and/or trickle 

High 

Low 


Note: Pulse trickle is inhibited in Mode 2. 
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Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/4, C/2, 1C, and 2C. Maximum time-out termi- 
nation is enforced on the fast-charge phase, then reset, 
and enforced again on the top-off phase, if selected. 
There is no time limit on the trickle-charge phase. 

Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for the C/2 through 4C 
rates. This phase may be necessary on NiMH or other 
battery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time equal to 
0.235* the fast-charge safety time (See Table 1.) Dur- 
ing top-off, the MOD pin is enabled at a duty cycle of 
260jns active for every 1820jas inactive. This modula- 
tion results in an average rate l/8th that of the fast 
charge rate. Maximum voltage, time, and temperature 
are the only termination methods enabled during top- 
off. 

Pulse-Trickle Charge 

Pulse-trickle charging may be configured to follow the 
fast charge and optional top-off charge phases to com- 
pensate for self-discharge of the battery while it is idle 
in the charger. 

In the pulse-trickle mode, MOD is active for 260ps of a 
period specified by the settings of TM1 and TM2. See 
Table 1. The resulting trickle-charge rate is C/512. 
Both pulse trickle and top-off may be disabled by tying 
TM1 and TM2 to Vss or by selecting Mode 2 in the dis- 
play. 

Charge Status Indication 

Charge status is indicated by the LEDi and LED 2 out- 
puts. The state of these outputs in the various charge cy- 
cle phases is given in Table 2 and illustrated in Figure 3. 

In all cases, if Vcell exceeds the voltage at the MCV 
pin, both LEDi and LED 2 outputs are held low regard- 
less of other conditions. Both can be used to directly 
drive an LED. 


Charge Current Control 


The bq2004E/H controls charge current through the MOD 
output pin. The current control circuitry is designed to sup- 
port implementation of a constant-current switching regulator 
or to gate an externally regulated current source. 

When used in switch mode configuration, the nominal 
regulated current is: 

Ireg = 0.225V/Rsns 

Charge current is monitored at the SNS input by the 
voltage drop across a sense resistor, Rsns, between the 
low side of the battery pack and ground. Rsns is sized to 
provide the desired fast charge current. 



If the voltage at the SNS pin is less than Vsnslo, the 
MOD output is switched high to pass charge current to 
the battery. 


When the SNS voltage is greater than Vsnshi, the MOD 
output is switched low — shutting off charging current to 
the battery. 


Vsnslo = 0.04 * Vcc ± 25mV 
Vsnshi = 0.05 * Vcc ± 25mV 

When used to gate an externally regulated current 
source, the SNS pin is connected to Vss, and no sense re- 
sisitor is required. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°C 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°C 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = topr; vcc ±10%) 


Symbol 

Parameter 

Ratina 

Tolerance 

Unit 

Notes 

VsNSHI 

High threshold at SNS result- 
ing in MOD = Low 

0.05 * Vcc 

±0.025 

V 


VsNSLO 

Low threshold at SNS result- 
ing in MOD = High 

0.04 * Vcc 

±0.010 

V 


Vltf 

Low-temperature fault 

0.4 * Vcc 

±0.030 

V 

Vtemp ^ Vltf inhib- 
its/terminates charge 

Vhtf 

High-temperature fault 

(1/3 * Vltf) + (2/3 * Vtco) 

±0.030 

V 

Vtemp ^ Vhtf inhibits 
charge 

Vedv 

End-of-discharge voltage 

0.4 * Vcc 

±0.030 

V 

Vcell < Vedv inhibits 
fast charge 

Vmcv 

Maximum cell voltage 

0.8 * Vcc 

±0.030 

V 

Vcell > Vmcv inhibits/ 
terminates charge 

Vtherm 

TS input change forAT/At 
detection 

-16 

±4 

mV 

Vcc = 5V, T a = 25°C 

-AV 

BAT input change for -AV 
detection 

-12 

±4 

mV 

Vcc = 5V, T a = 25°C 

PVD 

BAT input change for PVD 
detection 

-6 

±2 

mV 

Vcc = 5V, T a = 25°C 
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Recommended DC Operating Conditions <ta = topr) 


Symbol 

Condition 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


Vbat 

Battery input 

0 

- 

Vcc 

V 


VcELL 

BAT voltage potential 

0 

- 

Vcc 

V 

Vbat - Vsns 

Vts 

Thermistor input 

0 

- 

Vcc 

V 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - Vsns 

Vtco 

Temperature cutoff 

0.2 * Vcc 

- 

0.4 * Vcc 

V 

Valid AT/At range 

Vih 

Logic input high 

2.0 

- 

- 

V 

DCMD, INH 

Logic input high 

Vcc - 0.3 

- 

- 

V 

TMi, TM 2 , DSEL, VSEL 

VlL 

Logic input low 

- 

- 

0.8 

V 

DCMD, INH 

Logic input low 

- 

- 

0.3 

V 

TMi, TM 2 , DSEL, VSEL 

VoH 

Logic output high 

Vcc - 0.8 

- 

- 

V 

DIS, MOD, LEDi, LED 2 , 

Ioh ^ -10mA 

VOL 

Logic output low 

- 

- 

0.8 

V 

DIS, MOD, LEDi, LED 2 , 

Iol ^ 10mA 

Icc 

Supply current 

- 

1 

3 

mA 

Outputs unloaded 

ISB 

Standby current 

- 

! 

1 

|iA 

INH = Vil 

lOH 

DIS, LEDi, LED 2 , MOD source 

-10 


- 

mA 

@Voh = Vcc - 0 . 8 V 

IOL 

DIS, LEDi, LED 2 , MOD sink 

10 


- 

mA 

@Vol = Vss + 0 . 8 V 

II 

Input leakage 

- 

- 

±1 

jllA 

INH, BAT, V = Vss to Vcc 

Input leakage 

50 

- 

400 

jxA 

DCMD, V = Vss to Vcc 

IlL 

Logic input low source 

- 

- 

70 

pA 

TMi, TM 2 , DSEL, VSEL, 

V = Vss to Vss + 0.3V 

IlH 

Logic input high source 

-70 

- 

- 

HA 

TMi, TM 2 , DSEL, VSEL, 

V = Vcc - 0.3V to Vcc 

Iiz 

Tri-state 

-2 

- 

2 

pA 

TMi, TM 2 , DSEL, and VSEL 
should be left disconnected 
(floating) for Z logic input state 


Note: All voltages relative to Vss except as noted. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbat 

Battery input impedance 

50 


- 

MQ 

Rts 

TS input impedance 

50 

- 

- 

MO 

Rtco 

TCO input impedance 

50 

- 

- 

MQ 

Rsns 

SNS input impedance 

50 

- 

- 

MQ 



Timing (ta = o to +7o°c; vcc±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tpw 

Pulse width for DCMD 
and INH pulse command 

1 

- 


ps 

Pulse start for charge or discharge 
before charge 

dFCV 

Time base variation 

-16 

- 

16 

% 

Vcc = 4.75V to 5.25V 

fREG 

MOD output regulation 
frequency 

- 

- 

300 

kHz 


tMCV 

Maximum voltage termi- 
nation time limit 

1 

- 

2 

s 

Time limit to distinguish battery re- 
moved from charge complete. 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

All 

Combined bq2004E and bq2004H, revised and 
expanded format of this data sheet 

Clarification 

2 

7 

Separated bq2004E and bq2004H in Table 2, LED 
Output Summary 

Clarification 

3 

5 

Description of charge-pending state 

Clarification 

4 





Note: Change 1 = Oct. 1997 B changes from Sept. 1996 (bq2004E), Feb. 1997 (bq2004H). 

Change 2 = Feb. 1998 C changes from Oct. 1997 B. 

Change 3 = Dec. 1998 D changes from Feb. 1998 C. 

Change 4 = June 1999 E changes from Dec. 1998 D. 


Ordering Information 


bq2004 


L Package Option: 

PN = 16-pin narrow plastic DIP 
SN = 16-pin narrow SOIC 


Device: 

E = bq2004E Fast-Charge IC 
H= bq2004H Fast-Charge IC 
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Product Brief DV2004S1/ES1/HS1 


mb UNITRQDE 

Fast-Charge Development Systems 

Control of On-Board P-FET 
Switch-Mode Regulator 


Features 

>■ bq2004/E/H fast-charge control evaluation and devel- 
opment 

>* Charge current sourced from an on-board switch- 
mode regulator (up to 3.0 A) 

> Fast charge of 4 to 10 NiCd or NiMH cells and one 
user-defined selection 

> Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV) or peak volt- 
age detect, maximum temperature, maximum time, 
and maximum voltage 

>- -AV/peak voltage detect, hold-off, top-off, maximum 
time, and number of cells are jumper-configurable 

>- Programmable charge status display 

>- Discharge-before-charge control with push-button 
switch or auto discharge-before-charge with jumper 

> Inhibit fast charge by logic-level input 

General Description 

The DV2004/E/H/S1 Development Systems provide a de- 
velopment environment for the bq2004, bq2004E, or 
bq2004H Fast-Charge IC. The DV2004/E/H/S1 incorpo- 
rate a bq2004/E/H and a buck-type switch-mode regula- 
tor to provide fast charge controls for 4 to 10 NiCd or 
NiMH cells. 

The fast charge is terminated by any of the following: 
AT/At, -AV or peak voltage detect, maximum tempera- 
ture, maximum time, maximum voltage, or an inhibit 
command. Jumper settings select the voltage termina- 
tion mode, the hold-off, top-off, and maximum time lim- 
its, and automatic discharge-before-charge. 

The user provides a power supply and batteries. The 
user configures the DV2004/E/H/S1 for the number of 
cells, voltage, charge termination mode, and maximum 
charge time (with or without top-off), and commands the 
discharge-before-charge option with the push-button 
switch SI. 



Please review the bq2004/E/H data sheets, before using 
the DV2004/E/H/S1 boards. 

Full data sheets for these products are available on the 
Unitrode web site or from the factory. 
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DV2004S1 Board Schematic 



Rev. C Board 
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bq2005 


Fast-Charge 1C 
for Dual-Battery Packs 


Features 

> Sequential fast charge and con- 
ditioning of two NiCd or NiMH 
nickel cadmium or nickel-metal 
hydride battery packs 

>■ Hysteretic PWM switch-mode 
current regulation or gated con- 
trol of an external regulator 

> Easily integrated into systems 
or used as a stand-alone charger 

>- Pre-charge qualification of tem- 
perature and voltage 

>* Direct LED outputs display 
battery and charge status 

> Fast-charge termination by 

A temperature/A time, -AV, maxi- 
mum voltage, maximum tem- 
perature, and maximum time 

> Optional top-off and pulse- 
trickle charging 


Pin Connections 


General Description 

The bq2005 Fast-Charge IC provides 
comprehensive fast charge control 
functions together with high-speed 
switching power control circuitry on a 
monolithic CMOS device for sequential 
charge management in dual battery 
pack applications. 

Integration of closed-loop current 
control circuitry allows the bq2005 
to be the basis of a cost-effective so- 
lution for stand-alone and system- 
integrated chargers for batteries of 
one or more cells. 

Switch-activated discharge-before- 
charge allows bq2005-based chargers 
to support battery conditioning and 
capacity determination. 

High-efficiency power conversion is 
accomplished using the bq2005 as a 
hysteretic PWM controller for 
switch-mode regulation of the charg- 
ing current. The bq2005 may altema- 


Pin Names 


tively be used to gate an externally 
regulated charging current. 

Fast charge may begin on application 
of the charging supply, replacement 
of the battery, or switch depression. 
For safety, fast charge is inhibited 
unless/until the battery tempera- 
ture and voltage are within config- 
ured limits. 

Temperature, voltage, and time are 
monitored throughout fast charge. 
Fast charge is terminated by any of 
the following: 

■ Rate of temperature rise 
(AT/At) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 

After fast charge, optional top-off 
and pulsed current maintenance 
phases are available. 



SNSaQ 


□ FCCb 

□ CHb 

□ MODb 

□ MODa 

□ vcc 

□ yss 

□ FCCa 

□ cha 

□ DISa 

□ SNSb 


20-Pin DIP or SOIC 

PN200501 .eps 


DCMDa 

Discharge command input, 
battery A 

DVEN 

-AV enable 

TMi 

Timer mode select 1 

tm 2 

Timer mode select 2 

TCO 

Temperature cut-off 

TS A , 

TS b 

Temperature sense input, 
battery A/B 

BAT a , 

BAT b 

Battery voltage input, 
battery A/B 

SNSA, 

SNSB 

Sense resistor input , 
battery A/B 


6/99 F 


DIS a 

Discharge control output, 
battery A 

ch a , 

CH b 

Charge status output, 
battery A/B 

FCC a , 

FCC b 

Fast charge complete output, 
battery A/B 

V SS 

System ground 

Vcc 

5.0V ±10% power 

MOD a , 

MOD b 

Charge current control 
output, battery A/B 
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Pin Descriptions 

DCMDa Discharge-before-charge control input, 
battery A 

DCMDa controls the discharge-before-charge 
function of the b q2005. A negative-going 
pulse on DCMDa initiates a discharge to 
EDV follo wed by a charge if conditions allow. 
By tying DCMDa to ground, automatic 
discharge-before-charge is enabled on every 
new charge cycle start. 

DVEN -AV enable input 

This input enales/disables -AV charge termina- 
tion. If DVEN is high, the -AV test is enabled. 
If DVEN is low, -AV test is disabled. The state 
of DVEN may be changed at any time. 

TMi- Timer mode inputs 

TM 2 

TMi and TM 2 are three-state inputs that con- 
figure the fast charge safety timer, -AV hold- 
off time, and that enhance/disable top-off. 
See Table 2. 

TOO Temperature cutoff threshold input 

Input to set maximum allowable battery 
temperature. If the potential between TSa 
and SNSa or TSB and SNSb is less than the 
voltage at the TCO input, then fast charge or 
top-off charge is terminated for the corre- 
sponding battery pack. 

TSa, Temperature sense inputs 

TSb 

Input, referenced to SNSa or SNSb, respec- 
tively, for an external thermistor monitoring 
battery temperature. 

BATa, Voltage inputs 

BATb 

The battery voltage sense input, referenced to 
SNSa,b, respectively. This is created by a 
high-impedance resistor divider network con- 
nected between the positive and the negative 
terminals of the battery. 

SNSa, Charging current sense inputs, 

SNSb 

SNSa,b controls the switching of MODa,b 
based on the voltage across an external 
sense resistor in the current path of the bat- 
tery. SNS is the reference potential for the 
TS and BAT pins. If SNS is connected to 
Vss, MOD switches high at the beginning of 
charge and low at the end of charge. 
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DISa Discharge control output 

Push-pull output used to control an external 
transistor to discharge battery A before 
charging. 

CHa , Charge status outputs 

CH b 

Push-pull outputs indicating charging status 
for batteries A and B, respectively. See Fig- 
ure 1 and Table 2. 

FCCa, Fast charge complete outputs 

FCCb 

Open-drain outputs indicating fast charge 
complete for batteries A and B, respectively. 
See Figure 1 and Table 2. 

MODa, Charge current control outputs 

MOD b 

MODa,b is a push-pull output that is used to 
control the charging current to the battery. 
MODa,b switches high to enable charging 
current to flow and low to inhibit charging 
current flow to batteries A and B, 
respectively. 

Vcc Vcc supply input 

5.0 V, ± 10% power input. 

Vss Ground 
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Functional Description 

Figure 3 shows a block diagram and Figure 4 shows a 
state diagram of the bq2005. 

Battery Voltage and Temperature 
Measurements 

Battery voltage and temperature are monitored for maxi- 
mum allowable values. The voltage presented on the bat- 
tery sense input, BATa,b, must be divided down to be- 
tween 0.95 * Vcc and 0.475 * Vcc for proper operation. A 
resistor-divider ratio of: 

RBI _ N 
RB2 2.375 

is recommended to maintain the battery voltage within 
the valid range, where N is the number of cells, RBI is 
the resistor connected to the positive battery terminal, 
and RB2 is the resistor connected to the negative bat- 
tery terminal. See Figure 1. 

Note: This resistor-divider network input impedance to 
end-to-end should be at least 200kQ and less than 1MO. 

A ground-referenced negative temperature coefficient ther- 
mistor placed in proximity to the battery may be used as a 
low-cost temperature-to-voltage transducer. The tempera- 
ture sense voltage input at TSa,b is developed using a 
resistor-thermistor network between Vcc and Vss. See 
Figure 1. Both the BATa,b and TSa,b inputs are refer- 
enced to SNSa,b, so the signals used inside the IC are: 

VbAT(A,B) - VsNS(A,B) = VcELL(AJB) 

and 

VtS(A,B) - VsNS(A,B) = VtEMP(A,B) 


Discharge-Before-Charge 

The DCMDa input is used to command discharge- 
before-charge via the DISa output. Once activated, 
DISa becomes active (high) until Vcell falls below Vedv 
where: 

Vedv = 0.475 * Vcc ± 30mV 

at which time DISa goes low and a new fast charge cycle 
begins. 

The DCMDa input is internally pulled up to Vcc (its in- 
active state). Leaving the input unconnected, therefore, 
results in disa bling di scharge-before-charge. A negative 
going pulse on DCMDa initiates discharge-before-charge 
at any tim e regar dless of the current state of the 
bq2005. If DCMDa is tied to Vss, discharge-before- 
charge will be the first step in all newly started charge 
cycles. 

Starting A Charge Cycle 

A new charge cycle is started by (see Figure 2): 

1. Vcc rising above 4.5V 

2. Vcell falling through the maximum cell voltage, 
Vmcv where: 

Vmcv = 0.95 * Vcc ± 30mV 

If DCMDa is tied low, a discharge-before-charge will be 
executed as the first step of the new charge cycle. Oth- 
erwise, pre-charge qualification testing will be the first 
step. 

The battery must be within the configured temperature 
and voltage limits before fast charging begins. 



PACK+ 


PACK- 


Negative Temperature 



Figure 1. Voltage and Temperature Monitoring 
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The valid battery voltage range is Vedv < Vbat < Vmcv. 
The valid temperature range is Vhtf < Vtemp < Vltf, 
where: 

Vltf = 0.4 * Vcc ± 30mV 

Vhtf = [(1/4 * Vltf) + (3/4 * Vtco)1 ± 30mV 

Vtco is the voltage presented at the TCO input pin, and is 
configured by the user with a resistor divider between Vcc 
and ground. The allowed range is 0.2 to 0.4 * Vcc. 

If the temperature of the battery is out of range, or the 
voltage is too low, the chip enters the charge pending 
state and waits for both conditions to fall within their al- 
lowed limits. The MODa,b output is modulated to pro- 
vide the configured trickle charge rate in the charge 
pending state. There is no time limit on the charge 


pending state; the charger remains in this state as long 
as the voltage or temperature conditons are outside of 
the allowed limits. If the voltage is too high, the chip 
goes to the battery absent state and waits until a new 
charge cycle is started. 

Fast charge continues until termination by one or more 
of the five possible termination conditions: 

■ Delta temperature/delta time (AT/At) 

■ Negative delta voltage (-AV) 

■ Maximum voltage 

■ Maximum temperature 

■ Maximum time 









Dis- 
charge 
(Optional 
Battery A) 

Charge 

Pending* 

(Pulse-Trickle) 

Fast Charging 

Top-Off 

(Optional) 

Pulse-Trickle 


DIS a 


— i 

<0 

1 

H 

!◄ — 260ms 

mod a . b assaj ■■ ■■ 

■ 

I 


or 


h 34s ►! 

H h — 4s 

— Note* — ►! 

— H h — 260jus 

External II 

MODa,b Regulation (| 


r 




CH A B Status Output 


!◄ 34s ►! 

h- 

Note* — ► 

1 

m i 

_ _ _ 





FCC a b Status Output 












•— Battery within temperature/voltage limits. 

L Battery discharged to 0.475 * Vqq Battery outside 
temperature/voltage limits. 

— Discharge-Before-Charge started 

*See Table 3 for pulse-trickle period. T 200501 .eps 


Figure 2. Charge Cycle Phases 
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Table 1. Fast Charge Safety Time/Hold-Off/Top-Off Table 


Corresponding 
Fast-Charae Rate 

TM1 

TM2 

Typical Fast-Charge 
and Top-Off 

Time Limits 

Typical -AV/MCV 
Hold-Off 

Time (seconds) 

Top-Off 

Rate 

C/4 

Low 

Low 

360 

137 

Disabled 

C/2 

Float 

Low 

180 

820 

Disabled 

1C 

High 

Low 

90 

410 

Disabled 

2C 

Low 

Float 

45 

200 

Disabled 

4C 

Float 

Float 

23 

100 

Disabled 

C/2 

High 

Float 

180 

820 

C/16 

1C 

Low 

High 

90 

410 

C/8 

2C 

Float 

High 

45 

200 

C/4 

4C 

High 

High 

23 

100 

C/2 


Note: Typical conditions = 25°C, Vcc = 5.0V. 


-AV Termination 

If the DVEN input is high, the bq2005 samples the volt- 
age at the BAT pin once every 34s. If Vcell is lower 
than any previously measured value by 12mV ±4mV, 
fast charge is terminated. The -AV test is valid in the 
range Vmcv - (0.2 * Vcc) < Vcell < Vmcv. 

Voltage Sampling 

Each sample is an average of 16 voltage measurements 
taken 57qs apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Voltage Termination Hold-off 

A hold-off period occurs at the start of fast charging. 
During the hold-off period, -AV termination is disabled. 
This avoids premature termination on the voltage spikes 
sometimes produced by older batteries when fast-charge 
current is first applied. AT/At, maximum voltage and 
maximum temperature terminations are not affected by 
the hold-off period. 

AT/At Termination 

The bq2005 samples at the voltage at the TS pin every 
34s, and compares it to the value measured two samples 
earlier. If Vtemp has fallen 16mV ±4mV or more, fast 
charge is terminated. The AT/At termination test is 
valid only when Vtco < Vtemp < Vltf. 


Temperature Sampling 

Each sample is an average of 16 voltage measurements 
taken 57ps apart. The resulting sample period 
(18.18ms) filters out harmonics around 55Hz. This tech- 
nique minimizes the effect of any AC line ripple that 
may feed through the power supply from either 50Hz or 
60Hz AC sources. Tolerance on all timing is ±16%. 

Maximum Voltage, Temperature, and Time 

Anytime Vcell rises above Vmcv, CHG goes high (the LED 
goes off) immediately. If the bq2005 is not in the voltage 
hold-off period, fast charging also ceases immediately. If 
Vcell then falls back below Vmcv before tMev = Is 
(maximum), the chip transitions to the Charge Complete 
state (maximum voltage termination). If Vcell remains 
above Vmcv at the expiration of tMCV, the bq2005 transi- 
tions to the Battery Absent state (battery removal). See 
Figure 4. 

Maximum temperature termination occurs anytime the 
voltage on the TS pin falls below the temperature cut-off 
threshold Vtco. Charge will also be terminated if Vtemp 
rises above the minimum temperature fault threshold, 
Vltf, after fast charge begins. 

Maximum charge time is configured using the TM pin. 
Time settings are available for corresponding charge 
rates of C/4, C/2, 1C, and 2C. Maximum time-out termi- 
nation is enforced on the fast-charge phase, then reset, 
and enforced again on the top-off phase, if selected. 
There is no time limit on the trickle-charge phase. 

Top-off Charge 

An optional top-off charge phase may be selected to 
follow fast charge termination for the C/2 through 4C 
rates. This phase may be necessary on NiMH or other 
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battery chemistries that have a tendency to terminate 
charge prior to reaching full capacity. With top-off en- 
abled, charging continues at a reduced rate after 
fast-charge termination for a period of time selected 
by the TMi and TM 2 input pins. (See Table 2.) During 
top-off, the CC pin is modulated at a duty cycle of 4s 
active for every 30s inactive. This modulation results 
in an average rate l/8th that of the fast charge rate. 
Maximum voltage, time, and temperature are the only 
termination methods enabled during top-off. 

Pulse-Trickle Charge 

Pulse-trickle charging follows the fast charge and op- 
tional top-off charge phases to compensate for self- 
discharge of the battery while it is idle in the charger. 
The configured pulse-trickle rate is also applied in the 
charge pending state to raise the voltage of an over- 
discharged battery up to the minimum required before 
fast charge can begin. 

In the pulse-trickle mode, MOD is active for 260jlxs of a 
period specified by the settings of TMI and TM2. See Ta- 
ble 1. The resulting trickle-charge rate is C/64 when 
top-off is enabled and C/32 when top-off is disabled. Both 
pulse trickle and top-off may be disabled by tying TMI 
and TM2 to Vss* 

Charge Status Indication 

Charge status is indicated by the CHG output. The 
state of the CHG output in the various charge cycle 
phases is shown in Figure 4 and illustrated in Figure 2. 

Temperature status is indicated by the TEMP output. 
TEMP is in the high state whenever Vtemp is within the 
temperature window defined by the Vltf and Vhtf tem- 
perature limits, and is low when the battery tempera- 
ture is outside these limits. 

In all cases, if Vcell exceeds the voltage at the MCV 
pin, both CHG and TEMP outputs are held high regard- 
less of other conditions. CHG and TEMP may both be used 
to directly drive an LED. 

Pack Sequencing 

If both batteries A and B are present when a new charge 
cycle is started, the charge cycle starts on battery B and 
B remains the active channel until fast charge termina- 
tion. Then battery A will be fast charged, followed by a 
top-off phase on B (if selected), a top-off phase on A (if 


selected), and then maintenance charging on both. If 
only battery A is present, the charge cycle begins on A 
and continues until fast charge termination even if a 
battery is inserted in channel B in the meantime. A 
new battery insertion in channel B while A is in the 
top-off phase terminates top-off on A and begins a new 
charge cycle on B. If A is configured for or commanded 
to discharge-before-charge, the discharge may take 
place while channel B is the active charging channel. 
When the discharge is complete, if B is still the active 
channel battery A enters the Charge Pending state until 
A becomes the active channel. 

Charge Current Control 

The bq2005 controls charge current through the MODa,b out- 
put pin. The current control circuitry is designed to sup- 
port implementation of a constant-current switching regu- 
lator or to gate an externally regulated current source. 

When used in switch mode configuration, the nominal 
regulated current is: 

Ireg = 0.225V/Rsns 

Charge current is monitored at the SNSa,b input by the 
voltage drop across a sense resistor, Rsns, between the 
low side of the battery pack and ground. Rsns is sized to 
provide the desired fast charge current. 

If the voltage at the SNSa,b pin is less than Vsnslo, the 
MODa,b output is switched high to pass charge current to 
the battery. 

When the SNSa,b voltage is greater than Vsnshi, the 
MODa,b output is switched low — shutting off charging 
current to the battery. 

Vsnslo = 0.04 * Vcc ± 25mV 

Vsnshi = 0.05 * Vcc ± 25mV 

When used to gate an externally regulated current 
source, the SNSa,b pin is connected to Vss, and no sense 
resisitor is required. 
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Figure 3. Block Diagram 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


V T 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds <ta = topr; vcc +10%) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

VsNSHI 

High threshold at SNSa,b 
resulting in MODa,b = Low 

0.05 * Vcc 

±0.025 

V 


VsNSLO 

Low threshold at SNSa,b re- 
sulting in MODa,b = High 

0.04 * Vcc 

±0.010 

V 


Vltf 

Low-temperature fault 

0.4 * Vcc 

±0.030 

V 

Vtemp ^ Vltf inhibits/ 
terminates charge 

Vhtf 

High-temperature fault 

(1/4 * Vltf) + (3/4 * Vtco) 

±0.030 

V 

Vtemp ^ Vhtf inhibits 
charge 

Vedv 

End-of-discharge voltage 

0.475 * Vcc 

±0.030 

V 

Vcell < Vedv inhibits 
fast charge 

Vmcv 

Maximum cell voltage 

0.95 * Vcc 

±0.030 

V 

Vcell > Vmcv inhibits/ 
terminates charge 

Vtherm 

TS input change for AT/At 
detection 

16 

±4 

mV 


-AV 

BAT input change for -AV 
detection 

12 

I 

±4 

mV 



9/12 


3-127 






bq2005 


Recommended DC Operating Conditions (ta = o to +7o°c) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


VcELL 

BAT voltage potential 

0 

- 

Vcc 

V 

Vbat - Vsns 

Vbat 

Battery input 

0 

- 

V cc 

V 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - Vsns 

Vts 

Thermistor input 

0 

- 

Vcc 

V 


Vtco 

Temperature cutoff 

0.2 * Vcc 

- 

0.4 * Vcc 

V 


Vih 

Logic input high 

2.0 

- 

- 

V 

DCMDa, dven 

Logic input high 

Vcc - 0.3 

- 

- 

V 

TMi,TM 2 

VlL 

Logic input low 


- 

0.8 

V 

DCMDa, DVEN 

Logic input low 

- 


0.3 

V 

TMi, TM 2 

VOH 

Logic output high 

Vcc - 0.5 

- 

- 

V 

DISa, MODa,b, Ioh ^ -5mA 

VOL 

Logic output low 

- 

- 

0.5 

V 

DISa, FCCa,b, CHa,b, MODa,b, 
Iol < 5mA 

Icc 

Supply current 

- 

1.0 

3.0 

mA 

Outputs unloaded 

IoH 

DISa, MODa,b source 

-5.0 


- 

mA 

@Voh = Vcc - 0.5V 

IOL 

DISa, FCC a ,b, MOD a ,b, 

CHa,b sink 

5.0 

- 


mA 

@V ol = Vss + 0.5V 

II 

Input leakage 

- 

- 

±1 

pA 

DVEN, V = V ss to Vcc 

- 

- 

-400 

pA 

DCMDa, V = Vss 

IlL 

Logic input low source 


- 

70.0 

(iA 

TMi, TM 2 , 

V = Vss to Vss + 0.3V 

Ira 

Logic input high source 

-70.0 

- 

- 

pA 

TMi, TM 2 , 

V = Vcc -0.3V to Vcc 

Iiz 

TM l5 TM 2 tri-state open 
detection 

-2.0 

- 

2.0 

HA 

TMi, TM 2 should be left dis- 
connected (floating) for Z logic 
input state 

Ibat 

Input current to BATa,b 
when battery is removed 

- 

- 

-20 

HA 

Vcc = 5.0V; Ta = 25°C; input 
should be limited to this cur- 
rent when input exceeds Vcc* 


Note: All voltages relative to Vss, except as noted. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Rbata,b 

Battery A/B input impedance 

50 

- 

- 

MO 

Rtsa,b 

TSa,b input impedance 

50 

- 

- 

MO 

Rtco 

TCO input impedance 

50 

- 

- 

MO 

Rsnsa,b 

SNSa,b input impedance 

50 

- 

- 

MO 


Timing <ta = o to +7o°c; vcc±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tpw 

Pulse width for DCMDa, 
pulse command 

1 

- 

- 

M'S 

Pulse start for discharge-before- 
charge 

dFCV 

Time base variation 

-16 

- 

16 

% 

V cc = 4.5V to 5.5V 

tREG 

MOD output regulation 
frequency 

- 

- 

300 

kHz 


tMCV 

Maximum voltage 
termination time limit 

- 

- 

1 

s 

Time limit to distinguish battery 
removed from charge complete 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

3 

9 

Vsnslo rating 

Was Vsnshi - (0.01 * Vcc); 
is 0.04 * Vcc 

4 

5 

Corrected sample period 

Was: 32s; 

Is: 34s 

4 

5,9 

Corrected -AV threshold 

Was: 13mV 

Is: 12mV 

4 

All 

Revised and expanded format of this 
data sheet 

Clarification 

5 

9 

Topr 

Deleted industrial temperature range. 


Notes: Change 3 = Sept. 1996 D changes from Nov. 1993 C. 

Change 4 = Nov. 1997 E changes from Sept. 1996 D. 
Change 5 = June 1999 F changes from Nov. 1997 E. 


Ordering Information 


bq2005 


Package Option: 

PN = 20-pin narrow plastic DIP 
S = 20-pin SOIC 

Device: 

bq2005 Dual-Battery Fast-Charge IC 
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UNITRODE 

Fast-Charge Development System 

Control of PNP Power Transistor 


Features 

>- bq2005 fast-charge control evaluation and develop- 

ment 

>- Charge current sourced from two on-board linear 
regulators (up to 3.0 A) 

> Fast charge control and conditioning for one or two 
NiMH and/or NiCd batteries containing 4 to 10 
NiCd or NiMH cells; user-configurable for applica- 
tions that use other numbers of cells 

> Sequential charging of two battery packs 

>- Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV), maximum 
temperature, maximum time, and maximum volt- 
age 

> -AV enable, hold-off, top-off, trickle rate, maximum 
charge time, and number of cells are jumper- 
configurable 

> Charging status displayed on LEDs (two for each 
battery) 

> Discharge-before-charge control with push-button 
switch for battery A 

> Selectable pulsed “top-off” charge and trickle 
charge 

General Description 

The DV2005L1 Linear Development System provides a 
development environment for the bq2005 Dual-Battery 
Fast-Charge IC. The DV2005L1 incorporates a bq2005 
and two linear regulators to provide fast charge control 
for 4 to 10 NiCd or NiMH cells. 

Review the bq2005 data sheet and the application note, 
“Using the bq2005 to Control Fast Charge,” before using 
the DV2005L1 board. 

The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, and 
maximum voltage. Jumper settings select the -AV enabled 
state, and the hold-off, top-off, trickle, and maximum time 
limits. 



The user provides a power supply and batteries. The 
user configures the DV2005L1 for the number of cells, 
charge termination, and maximum charge time (with 
or without top-off), and commands the discharge- 
before-charge option with the push-button switch SW1. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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DV2005L1 Board Schematic 


D1 



DV2005L1 , Rev A, 5-12-97, Sheet 1 of 2 


Rev. A Board 
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Product Brief DV2005S1 


UNITRODE 

Fast-Charge Development System 

Control of On-Board P-FET 
Switch-Mode Regulator 


Features 

> bq2005 fast-charge control evaluation and develop- 
ment 

> Charge current sourced from two on-board switch- 
mode regulators (up to 3.0 A) 

> Fast charge control and conditioning for one or two 
NiMH and/or NiCd batteries containing 4 to 10 
NiCd or NiMH cells; user-configurable for applica- 
tions that use other numbers of cells 

>■ Sequential charging of two battery packs 

> Fast-charge termination by delta temperature/delta 
time (AT/At), negative delta voltage (-AV), maxi- 
mum temperature, maximum time, and maximum 
voltage 

>* -AV enable, hold-off, top-off, trickle rate, maximum 
charge time, and number of cells are jumper- 
configurable 

>- Charging status displayed on LEDs (two for each 
battery) 

>- Discharge-before-charge control with push-button 
switch for battery A 

> Integrated switching charge current controller to 
300KHz 

> Selectable pulsed “top-off” charge and trickle 
charge 

General Description 

The DV2005S1 Switching Development System provides 
a development environment for the bq2005 Dual-Battery 
Fast-Charge IC. The DV2005S1 incorporates a bq2005 
and two buck-type switch-mode regulators to provide 
fast charge control for 4 to 10 NiCd or NiMH cells. 

Review the bq2005 data sheet and the application note, 
“Using the bq2005 to Control Fast Charge,” before using 
the DV2005S1 board. 

The fast charge is terminated by any of the following: 
AT/At, -AV, maximum temperature, maximum time, and 
maximum voltage. Jumper settings select the -AV en- 
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abled state, and the hold-off, top-off, trickle, and maxi- 
mum time limits. 

The user provides a power supply and batteries. The user 
configures the DV2005S1 for the number of cells, charge 
termination enabled or disabled, and maximum charge 
time (with or without top-off), and commands the 
discharge-before-charge option with the push-button 
switch SW1. 

A full data sheet for this product is available on the 
Uni tr ode web site, or you may contact the factory for 
one. 


Rev. B Board 
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DV2005S1 Board Schematic 


"Tni W 


" 1000UF - 
35V 

OPTIONAL 






JP6 DISCHARGE 


- ccracA fccb - 

- DVEN CHB - 

- TM1 MODE - 

- TM2 MODA - 

- TCO VCC - 

- TSA VSS - 

- TSB FCCA - 

- BATA CHA - 

- BATB DISA - 

- SNSA SNSB - 


JUMPER 

Q5 ZENER OPTIONAL 

2N7000 


JUMPER 

L Q2 ZENER OPTIONAL 

r2N7000 


0.1UF To.iuf 0.1UF 0.1UF f 
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DV2005S1 Board Schematic (Continued) 
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Features 

> Fast charging and conditioning of 

NiCd and NiMH batteries 

- Precise charging independent 
of battery pack number of cells 

- Discharge-before-charge on 
demand 

- Pulse trickle charge 
conditioning 

- Battery undervoltage and 
overvoltage protection 

> Built-in 10-step voltage-based 

charge status monitoring 

■ Charge status display options 
include seven-segment 
monotonic bargraph and fully 
decoded BCD digit 

- Display interface options for 
direct drive of LCD or LED 
segments 

- Charger state status 
indicators for pending, 
discharge, charge, completion, 
and fault 


bq2007 

Fast-Charge 1C 


- Audible alarm for charge 
completion and fault 
conditions 

>- Charge control flexibility 

- Fast or Standard speed 
charging 

- Top-off mode for NiMH 

- Charge rates from % to 2C 
(30 minutes to 8 hours) 

>- Charge termination by: 

- Negative delta voltage (-AV) 

- Peak voltage detect (PVD) 

- Maximum voltage 

- Maximum time 

- Maximum temperature 

> High-efficiency switch-mode de- 
sign 

- Ideal for small heat-sensitive 
enclosures 

>■ 24-pin, 300-mil SOIC or DIP 


General Description 

The bq2007 is a highly integrated 
monolithic CMOS IC designed to pro- 
vide intelligent battery charging and 
charge status monitoring for stand- 
alone charge systems. 

The bq2007 provides a wide variety of 
charge status display formats. The 
bq2007 internal charge status moni- 
tor supports up to a seven-segment 
bargraph or a single BCD digit dis- 
play. The bargraph display indicates 
up to seven monotonic steps, whereas 
the BCD digit counts in ten steps of 
10% increments. The bq2007 output 
drivers can direct-drive either an 
LCD or LED display. 

Charge action begins either by appli- 
cation of the charging supply or by 
replacement of the battery pack. For 
safety, charging is inhibited until 
battery temperature and voltage are 
within configured limits. 


Pin Connections Pin Names 




T37 


SEGC/MSEL C 

1 

24 

□ SEGd/DSELi 

SEGbC 

2 

23 

□ SEGE/DSEL2 

segac 

3 

22 

□ segf/mult 

LEDi C 

4 

21 

3 SEGg/QDSEL 

led 2 c 

5 

20 

□ MOD 

INHC 

6 

19 

H vcc 

COME 

7 

18 

3VSS 

ALARM C 

8 

17 

3 DIS 

TMC 

9 

16 

□ TS 

VSELC 

10 

15 

□ BAT 

FAST II 

11 

14 

□ SNS 

DCMDC 

12 

13 

□ TOO 


24-Pin Narrow DIP j 



or SOIC 
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SEG C / 

MSEL 

Display output segment C/ 
driver mode select 

SEG b 

Display output segment B 

SEGa 

Display output segment A 

LEDi 

Charge status output 1 

led 2 

Charge status output 2 

!nh 

Charge inhibit input 

COM 

Common LED/LCD output 

ALARM 

Audio alarm output 

TM 

Timer mode select 

VSEL 

Voltage termination select 

FAST 

Fast charge rate select 

DCMD 

Discharge command 

TCO 

Temperature cutoff 


SNS 

Sense resistor input 

BAT 

Battery voltage 

TS 

Temperature sense 

DIS 

Discharge control 

Vss 

System ground 

Vcc 

5.0V ±10% power 

MOD 

Modulation control 

SEG g / 

QDSEL 

Display output segment G/ 
charge status display select 

SEG f / 

MULT 

Display output segment F/ 
multi-cell pack select 

SEGe/ 

dsel 2 

Display output segment E/ 
display select 2 

SEGd/ 

DSELi 

Display output segment D/ 
display select 1 
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The acceptable battery temperature range is set by an 
internal low-temperature threshold and an external 
high-temperature cutoff threshold. The absolute tem- 
perature is monitored as a voltage on the TS pin with 
the external thermistor network shown in Figure 2. 

The bq2007 provides for undervoltage battery protection 
from high-current charging if the battery voltage is less 
than the normal end-of-discharge value. In the case of a 
deeply discharged battery, the bq2007 enters the 
charge-pending state and attempts trickle-current condi- 
tioning of the battery until the voltage increases. Should 
the battery voltage fail to increase above the discharge 
value during the undervoltage time-out period, a fault 
condition is indicated. 

Discharge-before-charge may be selected to automatically 
discharge the battery pack on battery insertion or with a 
push-button switch. Discharge-before-charge on demand 
provides conditioning services that are useful to correct or 
prevent the NiCd voltage depression, or “memory” effect, 
and also provide a zero capacity reference for accurate 
capacity monitoring. 

After prequalification and any required discharge- 
before-charge operations, charge action begins until one of 
the full-charge termination conditions is detected. The 
bq2007 terminates charging by any of the following methods: 

■ Negative delta voltage (-AV) 

■ Peak voltage detect (PVD) 

■ Maximum absolute temperature 

■ Maximum battery voltage 

■ Maximum charge time-out 

The bq2007 may be programmed for negative delta 
voltage (-AV) or peak voltage detect (PVD) charge 
termination algorithms. The VSEL input pin selects -AV 
or PVD termination to match the charge rate and 
battery characteristics. 

To provide maximum safety for battery and system, 
charging terminates based on maximum temperature 
cutoff (TCO), maximum cutoff voltage (MCV), and 
maximum time-out (MTO). The TCO threshold is the 
maximum battery temperature limit for charging. TCO 
terminates charge action when the temperature sense 
input voltage on the TS pin drops below the TCO pin 
voltage threshold. MCV provides battery overvoltage 
protection by detecting when the battery cell voltage 
(Vcell = Vbat - Vsns) exceeds the VMCV value and ter- 
minates fast charge, standard charge, or top-off charge. 
The maximum time-out (MTO) termination occurs when 
the charger safety timer has completed during the active 
charge state. 
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The bq2007 indicates charge state status with an audio 
alarm output option and two dedicated output pins with pro- 
grammable display options. The DSEL1-2 inputs can select 
one of the three display modes for the LED 1-2 outputs. 

Charger status is indicated for: 

■ Charge pending 

■ Charge in progress 

■ Charge complete 

■ Fault condition 

Pin Descriptions 

SEGa-g Display output segments A-G 

State-of-charge monitoring outputs. QDSEL 
input selects the bargraph or BCD digit dis- 
play mode. See Table 3. 

MSEL Display driver mode select 

Soft-programmed input selects LED or LCD 
driver configuration at initialization. When 
MSEL is pulled up to Vcc, outputs SEGa-g are 
LED interface levels; when MSEL is pulled 
down to Vss, outputs SEGa-g are LCD levels. 

DSELi- Display mode select 1-2 
DSEL 2 

Soft-programmed inputs control the LEDi _2 
charger status display modes at initialization. 
See Table 2. 

MULT Fixed-cell pack select 

Soft-programmed input is pulled up to Vcc 
when charging multi-cell packs and is pulled 
down to Vss for charging packs with a fixed 
number of cells. 

QDSEL State-of-charge display select 

The QDSEL input controls the SEGa-g 
state-of-charge display modes. See Table 3. 

LEDi- Charger status outputs 1-2 

LED 2 

Charger status output drivers for direct 
drive of LED displays. Display modes are 
selected by the DSEL input. See Table 2. 

INH Charge inhibit input 

When low, the bq2007 suspends all charge ac- 
tions, drives all outputs to high impedance, and 
assumes a low-power operational state. When 
transitioning from low to high, a charge 
cycle is initiated. See page 10 for details. 
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COM Common LCD/LED output 

Common output for LCD/LED display 
SEGa— G- Output is high-impedance during 
initialization to allow reading of 
soft-programmed inputs DSELi, DSEL 2 , 
MSEL, MULT, and QDSEL. 

ALARM Audio output 

Audio alarm output. 

TM Timer mode select 

TM is a three-level input that controls the set- 
tings for charge control functions. See Table 5. 

VSEL Voltage termination select 

This input switches the voltage detect 
sensitivity. See Table 5. 

FAST Fast charge rate select 

The FAST input switches between Fast and 
Standard charge rates. See Table 4. 

DCMD Discharge command 

The DCMD input controls the discharge- 
before -charge function. A negativ e-going 
pulse initiates a discharge action. If DCMD 
is connected to Vss, automatic discharge- 
before-charge is enabled. See Figure 3. 

TCO Temperature cut-off threshold input 

Minimum allowable battery temperature- 
sensor voltage. If the potential between TS 
and SNS is less than the voltage at the TCO 
input, then any fast charging or top-off 
charging is terminated. 

SNS Sense resistor input 

SNS controls the switching of MOD output based 
on an external sense resistor. This provides the 

lower reference potential for the BAT pin and the 
TSpin. 

BAT Battery voltage input 

Battery voltage sense input referenced to SNS 
for the battery pack being charged. This resis- 
tor divider network is connected between the 
positive and the negative terminals of the 
battery. See Figure 1. 


TS Temperature sense input 

Input referenced to SNS for battery tem- 
perature monitoring negative temperature 
coefficient (NTC) thermistor. 

DIS Discharge control 

DIS is a push-pull output that controls an 
external transistor to discharge the battery 
before charging. 

Vss Ground 

Vcc Vcc supply input 

MOD Current-switching control output 

Push/pull output that controls the charging 
current to the battery. MOD switches high to 
enable current flow and low to inhibit current 
flow. 

Functional Description 

Figure 1 illustrates charge control and display status 
during a bq2007 charge cycle. Table 1 summarizes the 
bq2007 operational features. The charge action states 
and control outputs are given for possible input 
conditions. 

Charge Action Control 

The bq 2007 charge action is controlled by input pins 
DCMD, VSEL, FAST, and TM. When charge action is 
initiated, the bq2007 enters the charge-pending state, 
checks for acceptable battery voltage and temperature, 
and perfor ms any required discharge-before-charge 
operations. DCMD controls the discharge-before-charge 
function, and VSEL, FAST, and TM select the charger 
configuration. See Tables 4 and 5. 

During charging, the bq2007 continuously tests for 
charge termination conditions: negative delta voltage, 
peak voltage detection, maximum time-out, battery 
over-voltage, and high-temperature cutoff. When the 
charge state is terminated, a trickle charge continues to 
compensate for self-discharge and maintain the fully 
charged condition. 

Charge Status Indication 

Table 2 summarizes the bq2007 charge status display 
indications. The charge status indicators include the 
DIS output, which can be used to indicate the discharge 
state, the audio ALARM output, which indicates charge 
completion and fault conditions, and the dedicated 
status outputs, LEDi and LED 2 . 
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1 - Low-voltage fault: Battery voltage less than VedV for under-voltage time-out. 


Sharge initiated. Battery outside temperature/voltage limits. 



Note: See Table 4 for pulse-trickle period. 
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Figure 1 . Example Charging Action Events 
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Outputs LEDi _2 have three display modes that are 
selected at initialization by the input pins DSELi and 
DSEL 2 . The DSELi and DSEL 2 input pins, when pulled 
down to Vss, are intended for implementation of a 
simple two-LED system. LED 2 indicates the precharge 
status (i.e., charge pending and discharge) and LEDi indi- 
cates the charge status (i.e., charging and completion). 
DSELi pulled up to Vcc and DSEL 2 pulled down to Vss 
mode is for implementation of a single tri-color LED such 
that discharge, charging, and completion each have a unique 
color. DSELi pulled down to Vss and DSEL 2 pulled up to 
Vcc allows for fault status information to be displayed. 

Audio Output Alarm 

The bq2007 audio alarm output generates an audio tone 
to indicate a charge completion or fault condition. The 
audio alarm output is a symmetrical duty-cycle AC sig- 
nal that is compatible with standard piezoelectric alarm 
elements. A valid battery insertion is indicated by a sin- 
gle high-tone beep of ^-second typical duration. The 
charge completion and fault conditions are indicated by 
a 9.5- to 15-second high-tone sequence of ^-second typi- 
cal duration at a 2-second typical repetition rate. 


Charge Status Monitoring 

The bq2007 charge status monitor may display the bat- 
tery voltage or charge safety timer as a percentage of 
the full-charged condition. These options are selected 
with the MULT soft-programmed input pin. 

When MULT is pulled down to Vss, the battery charge 
status is displayed as a percentage of the battery 
voltage, and the single-cell battery voltage at the BAT 
pin is compared with internal charge voltage reference 
thresholds. When Vbat is greater than the internal 
thresholds of V20, V40, V 60 , or Vso, the respective 20%, 
40%, 60%, or 80% display outputs are activated. The 
battery voltage directly indicates 20% charge 
increments, while the 10% charge increments use a 
timer that is a function of the charge safety timer. 

When MULT is pulled down to Vss and when Vbat 
exceeds V20 during charging, the 20% charge indication 
is activated and the timer begins counting for a period 
equal to y 64 to y 32 of the charge safety time-out period. 
When the timer count is completed, the 30% charge 
indication is activated. Should Vbat exceed V40 prior to 
the timer count completion, the charge status monitor 
activates the 30% and 40% indications. This technique 


Table 1. bq2007 Operational Summary 


Charge Action 
State 

Conditions 

MOD Output 

DIS Output 

Battery absent 

Vcc applied and Vcell > Vmcv 

Trickle charge per Table 4 

Low 

Charge initiation 

Vcc applied or Vcell drops 
from > Vmcv to < Vmcv 

- 

Low 

Discharge-before- 

charge 

DCMD high-to-low transition or to Vss on charge 
initiation and Vedv < Vcell < Vmcv 

Low 

High 

Charge pending 

Charge initiation occurred and Vtemp ^ Vltf or 
Vtemp ^ Vtco or Vcell < Vedv 

Trickle charge per Table 4 

Low 

Fast charging 

Charge pending complete and FAST = Vcc 

Low if Vsns > 250mV; 
high if Vsns < 200mV 

Low 

Standard charging 

Charge pending complete and FAST = Vss 

Low if Vsns > 250mV; 
high if Vsns < 200mV 

Low 

Charge complete 

-AV termination or Vtemp < Vtco or PVD > 0 to 
-3mV/cell or maximum time-out or Vcell > Vmcv 

- 

- 

Top-off pending 

VSEL = Vcc, charge complete and Vtemp ^ Vltf 
or Vtemp ^ Vtco or Vcell < Vedv 

Trickle charge per Table 4 

Low 

Top-off charging 

VSEL = Vcc and charge complete and 
time-out not exceeded and Vtemp > Vtco and 
Vcell < Vmcv 

Activated per Vg^s f° r 
73ms of every 585ms 

Low 

Trickle charging 

Charge complete and top-off disabled or 
top-off complete or pending 

Trickle charge per Table 4 

Low 

Fault 

Charge pending state and charge pending 
time-out (tpEND) complete 

Trickle charge per Table 4 

Low 


Definitions: Vcell = Vbat - Vsns; Vmcv = 0.8 * Vcc; Vedv = 0.262 * Vcc or 0.4 * Vcc; Vtemp = Vts - Vsns; 
Vltf = 0.5 * Vcc- 
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The charge status display is blanked during the charge 
pending state and when the battery pack is removed. 

Charge Status Display Modes 

The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 3. The display modes 
are a seven-segment monotonic bargraph or a seven- 
segment BCD single-digit format. When QDSEL is 
pulled down to Vss, pins SEGa-g drive the decoded seven 
segments of a single BCD digit display and when QDSEL 
is pulled up to Vcc, pins SEGa-g drive the seven seg- 
ments of a bargraph display. 

In the bargraph display mode, outputs SEGa-g allow op- 
tions for a three-segment to seven-segment bargraph dis- 
play. The three-segment charge status display uses out- 
puts SEGb, SEGd, and SEGf for 30%, 60%, and 90% 
charge indications, respectively. The four-segment charge 
status display uses outputs SEGa, SEGc, SEGd, and 
SEGe for 20%, 40%, 60%, and 80% indications, 
respectively. The seven-segment charge status monitor 
uses all segments. 

The BCD display mode drives pins SEGa-g with the 
decoded seven-segment single-digit information. The 
display indicates in 10% increments from a BCD zero 
count at charge initiation to a BCD nine count indicat- 
ing 90% charge capacity. Charge completion is indicated 
by the letter “F,” a fault condition by the letter “E,” and 
the discharge condition by the letter “d.” See Table 3. 


Table 2. bq2007 Charge Status Display Summary 


Mode 

Charqe Action State 

LEDi 

led 2 

DIS 

ALARM 

DSELi = L 
DSEL 2 = L 
(Mode 1) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

1 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = H 
DSEL 2 = L 
(Mode 2) 

Battery absent 

0 

0 

0 

0 

Discharge in progress, pending 

1 

1 

1 

0 

Charging 

1 

0 

0 

0 

Charge complete 

0 

1 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = L 
DSEL 2 = H 
(Mode 3) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

Flashing 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

1 

0 

High tone 


is used for all the odd percentage charge indications to 
assure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
status monitor directly displays y 32 of the charge safety 
timer as a percentage of full charge. This method is rec- 
ommended over the voltage-based method when charg- 
ing fixed-cell packs where the battery terminal voltages 
can vary greatly between packs. This method offers an 
accurate charge status indication when the battery is 
fully discharged. When using the timer-based method, 
discharge-before-charge is recommended. 

During discharge with MULT pulled down to Vss, the 
charge status monitor indicates the percentage of the bat- 
tery voltage by comparing Vbat to the internal discharge 
voltage reference thresholds. In BCD format, the dis- 
charge thresholds Vso, V60, V 40 , and V 20 correspond to a 
battery charge state indication of 90%, 70%, 50%, and 30%, 
respectively. In bargraph format, the same discharge 
thresholds correspond to a battery charge state indication 
of 90%, 60%, 40%, and 30%, respectively. Differences in 
the battery charge state indications are due to the finer 
granularity of the BCD versus the bargraph format. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor BCD format displays the 
discharge condition, letter “d,” whereas the bargraph for- 
mat has no indication. 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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Display Driver Modes 

The bq2007 is designed to interface with LCD or LED 
type displays. The LED signal levels are driven when 
the MSEL soft-programmed input is pulled to Vcc at ini- 
tialization. The output pin COM is the common anode 
connection for LED SEGa-G- 

The LCD interface mode is enabled when the MSEL 
soft-programmed input pin is pulled to Vss at initializa- 
tion. An internal oscillator generates all the timing sig- 
nals required for the LCD interface. The output pin 
COM is the common connection for static direct-driving 
of the LCD display backplane and is driven with an AC 
signal at the frame period. When enabled, each of the 
SEGa-G pins is driven with the correct-phase AC signal 
to activate the LCD segment. In bargraph or BCD mode, 
output pins SEGa-G interface to LED or LCD segments. 


Battery Voltage and Temperature 
Measurement 


The battery voltage and temperature are monitored 
within set minimum and maximum limits. When MULT is 
pulled up to Vcc, battery voltage is sensed at the BAT pin 
by a resistive voltage divider that divides the terminal 
voltage between 0.262 * Vcc (Vedv) and 0.8 * Vcc (Vmcv). 
The bq2007 charges multi-cell battery packs from a mini- 
mum of N cells, to a maximum of 1.5 * N cells. The battery 
voltage divider is set to the minimum cell battery pack (N) 
by the BAT pin voltage divider ratio equation: 



R1 

R2 


1.33 


When MULT is pulled down to Vss, tighter charge 
voltage limits and voltage-based charge status display 
are selected. This is recommended for charging packs 
with a fixed number of cells where the battery voltage 
divider range is between 0.4 * Vcc (Vedv) and 0.8 * Vcc 


Table 3. bq2007 Charge Status Display Summary 


Mode 

Display Indication 

SEGa 

SEG b 

SEG C 

SEGd 

SEGe 

SEGp 

SEGg 

QDSEL = H 

20% charge 

1 

0 

0 

0 

0 

0 

0 

30% charge 

1 

1 

0 

0 

0 

0 

0 

40% charge 

1 

1 

1 

0 

0 

0 

0 

60% charge 

1 

1 

1 

1 

0 

0 

0 

80% charge 

1 

1 

1 

1 

1 

0 

0 

90% charge 

1 

1 

1 

1 

1 

1 

0 

Charge complete 

1 

1 

1 

1 

1 

1 

1 

QDSEL = L 

0% charge — digit 0 

1 

1 

1 

1 

1 

1 

0 

10% charge — digit 1 

0 

1 

1 

0 

0 

0 

0 

20% charge — digit 2 

1 

1 

0 

1 

1 

0 

1 

30% charge — digit 3 

1 

1 

1 

1 

0 

0 

1 

40% charge — digit 4 

0 

1 

1 

0 

0 

1 

1 

50% charge — digit 5 

1 

0 

1 

1 

0 

1 

1 

60% charge — digit 6 

1 

0 

1 

1 

1 

1 

1 

70% charge — digit 7 

1 

1 

1 

0 

0 

1 

0 

80% charge — digit 8 

1 

1 

1 

1 

1 

1 

1 

90% charge — digit 9 

1 

1 

1 

1 

0 

1 

1 

Charge complete — letter F 

1 

0 

0 

0 

1 

1 

1 

Fault condition — letter E 

1 

0 

0 

1 

1 

1 

1 

Discharge — letter d 

0 

1 

1 

1 

1 

0 

1 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc- 
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Figure 2. Voltage and Temperature Limit Measurement 


(Vmcv). The bq2007 charges fixed-cell battery packs of N 
cells. The battery voltage divider is set by the divider ra- 
tio equation: 


Note: The resistor-divider network impedance 
should be above 200K£2 to protect the bq2007. 

When battery temperature is monitored for maximum 
and minimum allowable limits, the bq2007 requires that 
the thermistor used for temperature measurement have 
a negative temperature coefficient. See Figure 2. 

Temperature and Voltage 
Prequalifications 

For charging to be initiated, the battery temperature 
must fall within predetermined acceptable limits. The 
voltage on the TS pin (Vts) is compared to an internal low- 
temperature fault threshold (Vltf) of (0.5 * Vcc) and the high 
temperature cutoff voltage (Vtco) on the TCO pin. For charg- 
ing to be initiated, Vts must be less than Vltf and greater 
than Vtco- Since Vts decreases as temperature increases, the 
TCO threshold should be selected to be lower than 0.5 * Vcc 
for proper operation. If the battery temperature is outside 
these limits, the bq2007 holds the charge-pending state with a 
pulse trickle current until the temperature is within limits. 
Temperature prequalification and termination is disabled if 
Vts is greater than 0.8 * Vcc- See Figure 2. 

The bq2007 provides undervoltage battery protection by 
trickle-current conditioning of a battery that is below 
the low-voltage threshold (Vedv). The battery voltage 
8/14 


(Vcell) is compared to the low-voltage threshold (Vedv) 
and charge will be inhibited if Vcell < Vedv. The condi- 
tion trickle current and fault time-out are a percentage 
of the fast charge rate and maximum time-out (MTO). 

Initiating Charge Action and 
Discharge-Before-Charge 

A charge action is initiated under control of: (1) battery 
insertion or (2) power applied. Battery insertion is 
detected when the voltage at the BAT pin falls from 
above Vmcv to below Vmcv- Power applied is detected 
by the rising edge of Vcc when a battery is inserted. 

Discharge-before-charge (see Figure 3) is initiated auto- 
matic ally on application of power or battery insertion 
when DCMD is connected to Vss- Discharge -on-dem and 
is initiated by a negative-going pulse on the DCMD pin 



Figure 3. Discharge-Before-Charge 
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Table 4. bq2007 Charge Action Control Summary 


FAST 

TM 

Time-out 

MOD 

Hold-off 

Trickle 

Trickle 

Input 

Input 

Period 

Duty 

period 

Rep Rate 

Rep Rate 

State 

State 

(min) 

Cycle 

(sec) 

-AVc / 32 

PVDc / 64 

Vss 

Float 

640 (%) 

25% 

2400 

219Hz 

109Hz 

Vss 

Vss 

320 (%) 

25% 

1200 

109Hz 

55Hz 

Vss 

Vcc 

160 (%) 

25% 

600 

55Hz 

27Hz 

Vcc 

Float 

160 (%) 

100% 

600 

219Hz 

109Hz 

Vcc 

v ss 

80 (C) 

100% 

300 

109Hz 

55Hz 

Vcc 

V CC 

40 (2C) 

100% 

150 

55Hz 

27Hz 


regardless of charging activity. The DCMD pin is inter- 
nally pulled up to Vcc; therefore, not connecting this pin 
results in disabling the discharge-before-charge func- 
tion. When the discharge begins, the DIS output goes 
high to activate an external transistor that connects a 
load to the battery. The bq2007 terminates discharge- 
before-charge by detecting when the battery cell voltage 
is less than or equal to the end-of-discharge voltage 
(Vedv). 

Charge State Actions 


Voltage Termination Hold-off 

To prevent early termination due to an initial false peak 
battery voltage, the -AV and PVD terminations are 
disabled during a short “hold-off” period at the start of 
charge. During the hold-off period when fast charge is 
selected (FAST = 1), the bq2007 will top off charge to 
preyent excessive overcharging of a fully charged 
battery. Once past the initial charge hold-off time, the 
termination is enabled. TCO and MCV terminations are 
not affected by the hold-off time. 


Once the required discharge is completed and temperature 
and voltage prequalifications are met, the charge state is 
initiated. The charge state is configured by the VSEL, 
FAST, and TM input pins. The FAST input selects between 
Fast and Standard charge rates. The Standard charge rate 
is y A of the Fast charge rate, which is accomplished by dis- 
abling the regulator for a period of 286qs of every 1144ps 
(25% duty cycle). In addition to throttling back the charge 
current, time-out and hold-off safety time are increased ac- 
cordingly. See Table 4. 

The VSEL input selects the voltage termination method. 
The termination mode sets the top-off state and trickle 
charge current rates. The TM input selects the Fast 
charge rate, the Standard rate, and the corresponding 
charge times. Once charging begins at the Fast or Stan- 
dard rate, it continues until terminated by any of the fol- 
lowing conditions: 

■ Negative delta voltage (-AV) 

■ Peak voltage detect (PVD) 

■ Maximum temperature cutoff (TCO) 

■ Maximum time-out (MTO) 


-AV or PVD Termination 

Table 5 summarizes the two modes for full-charge 
voltage termination detection. When Vsel = Vss, 
negative delta voltage detection occurs when the voltage 
seen on the BAT pin falls 12mV (typical) below the 
maximum sampled value. Vsel = Vcc selects peak 
voltage detect termination and the top-off charge state. 
PVD termination occurs when the BAT pin voltage falls 
6mV per cell below the maximum sampled value. When 
charging a battery pack with a fixed number of cells, the 
-AV and PVD termination thresholds are -6mV and 0 to 
-3my per cell, respectively. The valid battery voltage 
range on Vbat for -AV or PVD termination is from 0.262 
* Vcc to 0.8 * Vcc. 


Table 5. VSEL Configuration 


VSEL 

Detection 

Method 

Top-Off 

Pulse Trickle 
Rate 

Vss 

-AV 

Disabled 

% 

Vcc 

PVD 

Enabled 

764 


■ Maximum cutoff voltage (MCV) 
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Maximum Temperature, Maximum 
Voltage, and Maximum Time Safety 
Terminations 

The bq2007 also terminates charge action for maximum 
temperature cutoff (TCO), maximum cutoff voltage 
(MCV), and maximum time-out (MTO). Temperature is 
monitored as a voltage on the TS pin (Vts), which is 
compared to an internal high-temperature cutoff 
threshold of Vtco. The TCO reference level provides the 
maximum limit for battery temperature during 
charging. MCV termination occurs when Vcell > Vmcv. 
The maximum time-out (MTO) termination is when the 
charger safety timer countdown has completed during 
the active charge state. If the MTO, MCV, or TCO limit 
is exceeded during Fast charge, Standard charge, or 
top-off states, charge action is terminated. 

Top-Off and Pulse Trickle Charging 

The bq2007 provides a post-detection timed charge 
capability called top-off to accommodate battery chemis- 
tries that may have a tendency to terminate charge 
prior to achieving full capacity. When Vsel = Vcc, the 
top-off state is selected; charging continues after Fast 
charge termination for a period equal to the time-out 
value. In top-off mode, the Fast charge control cycle is 
modified so that MOD is activated for a pulse output of 
73ms of every 585ms. This results in a rate y 8 that of the 
Fast charge rate. Top-off charge is terminated by maxi- 
mum temperature cutoff (TCO), maximum cutoff voltage 
(MCV), or maximum time-out termination. 

Pulse trickle is used to compensate for self-discharge 
while the battery is idle and to condition a depleted 
low-voltage battery to a valid voltage prior to high- 
current charging. The battery is pulse trickle charged 
when Fast, Standard, or top-off charge is not active. The 
MOD output is active for a period of 286ps of a period 
specified in Table 4. This results in a trickle rate of % 4 
for PVD and % 2 when -AV is enabled. 



Figure 4. Constant-Current Switching 
Regulation 


Charge Inhibit 

Fast charge, top-o ff, and pulse trickle may be inhibited 
by using the INH input pin. When low, the bq2007 sus- 
pends all charge activity, drives all outputs to high 
imped ance, and assumes a low-power operational state. 
When INH returns high, a fast-charge cycle is qualified 
and begins as soon as conditions allow. 

Charge Current Control 

The bq2007 controls charge current through the MOD 
output pin. In a frequency-modulated buck regulator 
configuration, the control loop senses the voltage at the 
SNS pin and regulates to maintain it between 0.04 * 
Vcc and 0.05 * Vcc. The nominal regulated current is 
Ireg = 0.225V/Rsns. See Figure 4. 

MOD pin is switched high or low depending on the 
voltage input to the SNS pin. If the voltage at the SNS 
pin is less than Vsnslo (0.04 * Vcc nominal), the MOD 
output is switched high to gate charge current through 
the inductor to the battery. When the SNS voltage is 
greater than Vsnshi (0.05 * Vcc nominal), the MOD out- 
put is switched low-shutting off charge current from the 
supply. The MOD pin can be used to gate an external 
charging current source. When an external current 
source is used, no sense resistor is required, and the 
SNS pin is connected to Vss. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°C 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°C 


Tsolder 

Soldering temperature 

- 

+260 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds <ta = topr; vcc = sv ± 10%) 


Svmbol 

Parameter 

Ratinq 

Tolerance 

Unit 

Notes 

VsNSHI 

High threshold at SNS re- 
sulting in MOD = Low 

0.05 * Vcc 

±25 

mV 


VsNSLO 

Low threshold at SNS result- 
ing in MOD = High 

0.04 * Vcc 

±10 

mV 


Vltf 

TS pin low-temperature 
threshold 

0.5 * Vcc 

±30 

mV 

SNS = 0V 

Vhtf 

TS pin high-temperature 
threshold 

Vtco 

±30 

mV 

SNS = 0V 

Vedv 

End-of-discharge voltage 
MULT is pulled up to Vcc 

0.262 * Vcc 

±30 

mV 

SNS = 0V 

End-of-discharge voltage 
MULT is pulled down to Vss 

0.4 * Vcc 

±30 

mV 

SNS = 0V 

Vmcv 

BAT pin maximum cell 
voltage threshold 

0.8 * Vcc 

±30 

mV 

SNS = 0V 

V20 

20% state-of-charge voltage 
threshold at the BAT pin 

18 %2o * Vcc 

±30 

mV 

Fast or standard charge state; 
MULT pulled to V SR 

V40 

40% state-of-charge voltage 
threshold at the BAT pin 

1S %20 * v cc 

±30 

mV 

Fast or standard charge state; 
MULT pulled to V ss 

V 60 

60% state-of-charge voltage 
threshold at the BAT pin 

1S %» * Vcc 

±30 

mV 

Fast or standard charge state; 
MULT pulled to V ss 

V 80 

80% state-of-charge voltage 
threshold at the BAT pin 

2< %20 * Vcc 

±30 

mV 

Fast or standard charge state; 
MULT pulled to V ss 

V20 

20% state-of-charge voltage 
threshold at the BAT pin 

15 %20 * Vcc 

±30 

mV 

Discharge-before-charge state; 
MULT pulled to V Sfi ; DIS = 1 

V 40 

40% state-of-charge voltage 
threshold at the BAT pin 

16 %20 * Vcc 

±30 

mV 

Discharge-before-charge state; 
MULT pulled to V fiS ; DIS = 1 

V 60 

60% state-of-charge voltage 
threshold at the BAT pin 

16 %2o*Vcc 

±30 

mV 

Discharge-before-charge state; 
MULT pulled to V sfi ; DIS = 1 

V 80 

80% state-of-charge voltage 
threshold at the BAT pin 

171 / 3 2 0 * Vcc 

±30 

mV 

Discharge-before-charge state; 
MULT pulled to V ss ; DIS = 1 
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Recommended DC Operating Conditions (ta = o to +7o°c) 


Symbol 

Parameter 

inimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 

10% 

Vbat 

Voltage on BAT pin 

0 

- 

Vcc 

V 


Vts 

Voltage on TS pin 

0 

- 

Vcc 

V 

Thermistor input 

Vtco 

Temperature cutoff on TCO 

0 

- 

0.5 * Vcc 

V 

Note 2 

VcELL 

Battery voltage potential 

0 

- 

Vcc 

V 

Vbat - Vsns 

Vtemp 

Voltage potential on TS 

0 

- 

Vcc 

V 

Vts - Vsns 

Vm 

Logic input high 

2.0 

- 

- 

V 

DCMD, FAST, VSEL, INH 

Tri-level input high 

Vcc - 0.3 

- 

- 

V 

TM 

VlL 

Logic input low 

- 

- 

0.8 

V 

DCMD, FAST, VSEL, INH 

Tri-level input low 

- 

- 

0.3 

V 

TM 

VOH 

Logic output high 

Vcc - 0.8 

- 

- 

V 

DIS, LEDi_2, SEGa-g @ Ioh = 
-10mA; MOD @ Ioh = -5mA 

V 0L 

Logic output low 

- 

- 

0.8 

V 

DIS, LED 1 - 2 , SEGa-g @ Iol = 
10mA; MOD @ Iol = 5mA 

VoHCOM 

COM output 

Vcc - 0.8 

- 

- 

V 

@ Iohcom = -40mA 

lOHCOM 

COM source 

-40 

- 

- 

mA 

@ Vohcom = Vcc - 0.8V 

Icc 

Supply current 

- 

1 

2.5 

mA 

No output load 

lOH 

DIS, LED 12 , SEGa-g source 

-10 

- 

- 

mA 

@Voh = Vcc - 0.8V 

lOH 

MOD 

-5 

- 

- 

mA 

@Voh = Vcc - 0.8V 

IOL 

DIS, LED 1 - 2 , SEGa-g sink 

10 

- 

- 

mA 

@Vol = Vss + 0.8V 

IOL 

MOD 

5 

- 

- 

mA 

@Vol = Vss + 0.8V 

Iiz 

Tri-state inputs floating 
for Z state 

-2.0 

- 

2.0 

JllA 

TM 

II 

Input leakage 

- 

- 

±1 

pA 

INH, VSEL, V = Vss to Vcc 

Input leakage 

50 

- 

400 

HA 

DCMD, FAST, V = Vss to Vcc 

IlL 

Logic input low current 

- 

- 

70 

pA 

TM, V = Vss to Vss + 0.3V 

Ira 

Logic input high current 

-70 

- 

- 

pA 

TM, V = Vcc - 0.3V to Vcc 
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Impedance 



Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Ri 

DC input impedance: pins 
TS, BAT, SNS, TCO 

50 

- 

- 

MQ 


Rprog 

Soft-programmed pull-up 
resistor 

150 

- 

200 

Kn 

MSEL, DSELi, DSEL 2 , MULT, 
QDSEL; resistor value ± 10% tol- 
erance 

Rflt 

Float state external 
resistor 

- 

5 

- 

MQ. 

TM 


Timing (ta = o to +7o°c; vcc ± i o%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

dFCV 

Deviation of fast charge 
safety time-out 

0.84 

1.0 

1.16 

- 

At Vcc = ±10%, Ta = 0 to 60°C; 
see Table 3 

tREG 

MOD output regulation 
frequency 

- 

- 

300 

kHz 

Typical regulation range; 

Vcc = 5.0V 

tpEND 

Charge pending time-out 

- 

25 


% 

Ratio of fast charge time-out; 
see Table 4. 

Fcom 

Common LCD backplane fre- 
quency 

- 

73 

- 

Hz 

LCD segment frame rate 

F ALARM 

Alarm frequency output 

- 

3500 

- 

kHz 

High tone 

tpw 

Pulse width for DCMD and 
INH pulse command 

1 

- 

- 

ps 

Signal valid time 

tMCV 

Valid period for Vcell > 

Vmcv 

0.5 

- 

1 

sec 

If Vcell > Vmcv for tMCV during 
charge or top-off, then a transition 
is recognized as 
a battery replacement. 


Note: Typical is at Ta = 25°C, Vcc = 5.0V. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

11 

Vsnslo Rating 

Was Vsnshi - (0.01 * Vcc); 
is 0.04 * Vcc 


Note: Change 1 = Sept. 1996 B changes from Dec. 1995. 


Ordering Information 


bq2007 


Package Option: 

PN = 24-pin narrow plastic DIP 
S = 24-pin SOIC 

Device: 

bq2007 Fast-Charge IC 
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Product Brief DV2007S1 



Fast-Charge Development System 

Control of On-Board 
Switch-Mode Regulator 


Features 

> bq2007 fast-charge control evaluation and develop- 
ment 

>- Battery charge status display modes and driver inter- 
faces are jumper configurable 

- On-board seven-step LED bargraph or ten-step 
BCD digit display 

- Charge status monitoring interface option 

- On-board charge status indication LEDs 

> Fast-charge termination by -AV, peak voltage detect 
(PVD), maximum voltage, maximum time, and maxi- 
mum temperature 

V Jumper-selectable for 4, 5, 6, 8, or 10 NiCd or NiMH 
cell pack charging 

>- Jumper-selectable standard or fast charge rates from 
1 to 4 hours 

>- Discharge-before-charge push-button or automatic 
control 

General Description 

The DV2007S1 provides the platform for a functional 
evaluation of the bq2007 features on single PCB. The 
board contain all the connections required to fully exer- 
cise the bq2007 feature sets. See the bq2007 data sheet 
and application note AB-0019 entitled “Using the 
bq2007 Display Mode Options.” 

A full data sheet of this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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DV2007S1 Board Schematic 



Rev A Board 
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Features 

>■ Conforms to battery manufactur- 
ers' charge recommendations for 
cyclic and float charge 

> Pin-selectable charge algorithms 

- Two-Step Voltage with 
temperature-compensated 
constant-voltage maintenance 

- Two-Step Current with 
constant-rate pulsed current 
maintenance 

- Pulsed Current: hysteretic, 
on-demand pulsed current 

> Pin-selectable charge termination 
by maximum voltage,A 2 V, mini- 
mum current, and maximum 
time 

>■ Pre-charge qualification detects 
shorted, opened, or damaged cells 
and conditions battery 

> Charging continuously qualified by 
temperature and voltage limits 

>■ Internal temperature-compen- 
sated voltage reference 

> Pulse-width modulation control 


Pin Connections 

tmtoQ 

1 

XJ 

16 

Z\ LED 2 /DSEL 

FLOAT \Z 

2 

15 

Z} LED-|/TSEL 

batQ 

3 

14 

Z mod 

VCOMP \Z 

4 

13 

HI V CC 

ICOMP \Z 

5 

12 

□ vss 

IGSEL \Z 

6 

11 

Z\ COM 

SNS \Z_ 

7 

10 

Z] LED 3 /QSEL 

TS C 

8 

9 

TPWM 


16-Pin Narrow 

DIP or SOIC 

PN203101.eps 
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Lead-Acid 

- Ideal for high-efficiency 
switch-mode power conversion 

- Configurable for linear or 
gated current use 

V Direct LED control outputs dis- 
play charge status and fault con- 
ditions 

General Description 

The bq2031 Lead- Acid Fast Charge 
IC is designed to optimize charging 
of lead-acid chemistry batteries. A 
flexible pulse-width modulation 
regulator allows the bq2031 to con- 
trol constant-voltage, constant- 
current, or pulsed-current charging. 
The regulator frequency is set by an 
external capacitor for design flexi- 
bility. The switch-mode design keeps 
power dissipation to a minimum for 
high charge current applications. 

A charge cycle begins when power is 
applied or the battery is replaced. 
For safety, charging is inhibited un- 
til the battery voltage is within con- 
figured limits. If the battery voltage is 
less than the low-voltage threshold, 
the bq2031 provides trickle-current 


Fast-Charge IC 

charging until the voltage rises into 
the allowed range or an internal 
timer runs out and places the 
bq2031 in a Fault condition. This 
procedure prevents high-current 
charging of cells that are possibly 
damaged or reversed. Charging is 
inhibited anytime the temperature 
of the battery is outside the config- 
urable, allowed range. All voltage 
thresholds are temperature- 
compensated. 

The bq2031 terminates fast (bulk) 
charging based on the following: 

■ Maximum voltage 

■ Second difference of cell voltage 
(A 2 V) 

■ Minimum current (in constant- 
voltage charging) 

■ Maximum time-out (MTO) 

After bulk charging, the bq2031 pro- 
vides temperature-compensated 
maintenance (float) charging to 
maintain battery capacity. 


Pin Names 

TMTO 

Time-out timebase input 

FLOAT 

State control output 

BAT 

Battery voltage input 

VCOMP 

Voltage loop comp input 

ICOMP 

Current loop comp input 

IGSEL 

Current gain select input 

SNS 

Sense resistor input 

TS 

Temperature sense input 

TPWM 

Regulator timebase input 


LED 3 / 

QSEL 

Charge status output 3/ 
Charge algorithm select 
input 1 

COM 

Common LED output 

Vss 

System ground 

Vcc 

5.0V±10% power 

MOD 

Modulation control 
output 

LEDi/ 

TSEL 

Charge status output 1/ 
Charge algorithm select 
input 2 

LED 2 / 

DSEL 

Charge status output 2/ 
Display select input 
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Pin Descriptions 

TMTO Time-out timebase input 

This input sets the maximum charge time. 
The resistor and capacitor values are deter- 
mined using equation 6. Figure 9 shows the 
resistor/capacitor connection. 

FLOAT Float state control output 

This open-drain output uses an external re- 
sistor divider network to control the BAT in- 
put voltage threshold (Vflt) for the float 
charge regulation. See Figure 1. 

BAT Battery voltage input 

BAT is the battery voltage sense input. This po- 
tential is generally developed using a high- 
impedance resistor divider network connected 
between the positive and the negative terminals 
of the battery. See Figure 6 and equation 2. 

VCOMP Voltage loop compensation input 

This input uses an external C or R-C net- 
work for voltage loop stability. 

IGSEL Current gain select input 

This three-state input is used to set Imin for 
fast charge termination in the Two-Step 
Voltage algorithm and for maintenance cur- 
rent regulation in the Two-Step Current al- 
gorithm. See Tables 3 and 4. 

ICOMP Current loop compensation input 

This input uses an external C or R-C net- 

work for current loop stability. 

SNS Charging current sense input 

Battery current is sensed via the voltage de- 
veloped on this pin by an external sense re- 
sistor, Rsns, connected in series with the low 
side of the battery. See equation 8. 

TS Temperature sense input 

This input is for an external battery tem- 
perature monitoring thermistor or probe. An 
external resistor divider network sets the 
lower and upper temperature thresholds. 
See Figures 7 and 8 and equations 4 and 5. 


TPWM Regulation timebase input 

This input uses an external timing capacitor 
to ground the pulse-width modulation 
(PWM) frequency. See equation 9. 

COM Common LED output 

Common output for LEDi_ 3. This output is 
in a high-impedance state during initiali- 
zation to read program inputs on TSEL, 
QSEL, and DSEL. 

QSEL Charge regulation select input 

With TSEL, selects the charge algorithm. 
See Table 1. 

MOD Current-switching control output 

MOD is a pulse-width modulated push/pull 
output that is used to control the charging 
current to the battery. MOD switches high 
to enable current flow and low to inhibit cur- 
rent flow. 

LED i _3 Charger display status 1-3 outputs 

These charger status output drivers are for 
the direct drive of the LED display. Display 
modes are shown in Table 2. These outputs are 
tri-stated during initialization so that QSEL, 
TSEL, and DSEL can be read. 

DSEL Display select input 

This three-level input controls the LED1-3 
charge display modes. See Table 2. 

TSEL Termination select input 

With QSEL, selects the charge algorithm. 
See Table 1. 

Vcc Vcc supply 

5.0V, ± 10% power 

Vss Ground 


Functional Description 

The bq2031 functional operation is described in terms of: 

■ Charge algorithms 

■ Charge qualification 

■ Charge status display 

■ Voltage and current monitoring 

■ Temperature monitoring 
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■ Fast charge termination 

■ Maintenance charging 

■ Charge regulation 

Charge Algorithms 

Three charge algorithms are available in the bq203 1: 

■ Two-Step Voltage 

■ Two-Step Current 

■ Pulsed Current 

The state transitions for these algorithms are described 
in Table 1 and are shown graphically in Figures 2 
through 4. The user selects a charge algorithm by con- 
figuring pins QSEL and TSEL. 

Charge Qualification 

The bq2031 starts a charge cycle when power is applied 
while a battery is present or when a battery is inserted. 
Figure 1 shows the state diagram for pre-charge qualifi- 
cation and temperature monitoring. The bq2031 first 
checks that the battery temperature is within the al- 
lowed, user-configurable range. If the temperature is 
out-of-range (or the thermistor is missing), the bq2031 
enters the Charge Pending state and waits until the bat- 
tery temperature is within the allowed range. Charge 
Pending is annunciated by LED3 flashing. 



FG203101.eps 


Figure 1. Cycle Start/Battery 
Qualification State Diagram 


Table 1. bq2031 Charging Algorithms 


Algorithm/State 

QSEL 

TSEL 

Conditions 

MOD Output 

Two-Step Voltage 

L 

H/L Note 1 

_ 

_ 

Fast charge, phase 1 



while Vbat < Vblk, Isns = Imax 

Current regulation 

Fast charge, phase 2 



while Isns > Imin, Vbat = Vblk 

Voltage regulation 

Primary termination 



Isns = Imin 


Maintenance 



Vbat = Vflt 

Voltage regulation 

Two-Step Current 

H 

L 

. 

- 

Fast charge 



while Vbat < Vblk, Isns = Imax 

Current regulation 

Primary termination 



Vbat = Vblk or A 2 V < -8mV Note 2 


Maintenance 



Isns pulsed to average Iflt 

Fixed pulse current 

Pulsed Current 

H 

H 

_ 

- 

Fast charge 



while Vbat < Vblk, Isns = Imax 

Current regulation 

Primary termination 



Vbat = Vblk 


Maintenance 



Isns = Imax after Vbat = Vflt; 

Isns = 0 after Vbat = Vblk 

Hysteretic pulsed 
current 


Notes: 1. May be high or low, but do not float. 

2. A Unitrode proprietary algorithm for accumulating successive differences between samples of Vbat. 
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Thermal monitoring continues throughout the charge 
cycle, and the bq2031 enters the Charge Pending state 
anytime the temperature is out of range. (There is one 
exception; if the bq2031 is in the Fault state — see be- 
low — the out-of-range temperature is not recognized un- 
til the bq2031 leaves the Fault state.) All timers are 
suspended (but not reset) while the bq2031 is in Charge 
Pending. When the temperature comes back into range, 
the bq2031 returns to the point in the charge cycle 
where the out-of-range temperature was detected. 

When the temperature is valid, the bq2031 performs two 
tests on the battery. In test 1, the bq2031 regulates a voltage 
of Vflt + 0.25V across the battery and observes Isns. If Isns 
does not rise to at least Icond within a time-out period (e.g., 
the cell has failed open), the bq2031 enters the Fault state. If 
test 1 passes, the bq2031 then regulates current to Icond (= 
Imax/5) and watches Vcell (= Vbat - Vsns). If Vcell does 
not rise to at least Vflt within a time-out period (e.g., the cell 
has failed short), again the bq2031 enters the Fault state. A 
hold-off period is enforced at the beginning of qualification 


test 2 before the bq2031 recognizes its “pass” criterion. If this 
second test passes, the bq2031 begins fast (bulk) charging. 

Once in the Fault state, the bq2031 waits until Vcc is cy- 
cled or a battery insertion is detected. It then starts a new 
charge cycle and begins the qualification process again. 

Charge Status Display 

Charge status is annunciated by the LED driver outputs 
LED 1 -LED 3 . Three display modes are available in the bq2031; 
the user selects a display mode by configuring pin DSEL. Table 
2 shows the three modes and their programming pins. 

I 

The bq2031 does not distinguish between an over-voltage 
fault and a “battery absent” condition. The bq2031 enters 
the Fault state, annunciated by turning on LED 3 , when- 
ever the battery is absent. The bq2031, therefore, gives an 
indication that the charger is on even when no battery is 
in place to be charged. 


Table 2. bq2031 Display Output Summary 


Mode 

Charge Action State 

LEDi 

led 2 

led 3 

DSEL = 0 
(Mode 1) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

Flash 

Low 

Low 

Fast charging 

High 

Low 

Low 

Maintenance charging 

Low 

High 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 

DSEL = 1 
(Mode 2) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

High 

High 

Low 

Fast charge 

Low 

High 

Low 

Maintenance charging 

High 

Low 

Low 

i 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 

DSEL = Float 
(Mode 3) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

Flash 

Flash 

Low 

Fast charge: current regulation 

Low 

High 

Low 

Fast charge: voltage regulation 

High 

High 

Low 

Maintenance charging 

High 

Low 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 


Notes: 1 = Vcc; 0 = Vss; X = LED state when fault occurred; Flash = y 6 s low, y 6 s high. 

In the Pulsed Current algorithm, the bq2031 annunciates maintenance when charging current is off and 
fast charge whenever charging current is on. 
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Figure 2. Two-Step Voltage Algorithm 
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Configuring Algorithm and Display 
Modes 

QSEL/LED 3 , DSEL/LED 2 , and TSEL/LEDi are bi- 
directional pins with two functions; they are LED driver 
pins as outputs and programming pins for the bq2031 as 
inputs. The selection of pull-up, pull-down, or no pull re- 
sistor programs the charging algorithm on QSEL and 
TSEL per Table 1 and the display mode on DSEL per 
Table 2. The bq2031 latches the program states when 
any of the following events occurs: 

1. Vcc rises to a valid level. 

2 . The bq203 1 leaves the Fault state. 

3 . The bq203 1 detects battery insertion. 

The LEDs go blank for approximately 750ms (typical) 
while new programming data is latched. 

For example, Figure 5 shows the bq2031 configured for 
the Pulsed Current algorithm and display mode 2. 

Voltage and Current Monitoring 

The bq2031 monitors battery pack voltage at the BAT 
pin. A voltage divider between the positive and negative 
terminals of the battery pack is used to present a scaled 
battery pack voltage to the BAT pin and an appropriate 
value for regulation of float (maintenance) voltage to the 
FLOAT pin. The bq2031 also uses the voltage across a 



Figure 5. Configuring Charging Algorithm and Display Mode 
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Figure 6. Configuring the Battery Divider 


sense resistor (Rsns) between the negative terminal 
of the battery pack and ground to monitor current. 
See Figure 6 for the configuration of this network. 
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The resistor values are calculated from the following: 
Equation 1 

RBI _ (N * V FLT ) ± 

RB2 2.2V 

Equation 2 

RBI + RBI _ ( N * V BLK ^ 

RB2 RB3 ~ 2.2 

Equation 3 

T _ 0.250V 

^MAX 

Rsns 

where: 

■ N = Number of cells 

■ Vflt = Desired float voltage 

■ Vblk = Desired bulk charging voltage 

■ Imax = Desired maximum charge current 

These parameters are typically specified by the battery 
manufacturer. The total resistance presented across the 
battery pack by RBI + RB2 should be between 150kf2 
and 1MQ . The minimum value ensures that the divider 
network does not drain the battery excessively when the 
power source is disconnected. Exceeding the maximum 
value increases the noise susceptibility of the BAT pin. 

An empirical procedure for setting the values in the re- 
sistor network is as follows: 

1. Set RB2 to 49.9 k£2 . (for 3 to 18 series cells) 

2. Determine RBI from equation 1 given Vflt 

3. Determine RB3 from equation 2 given Vblk 

4. Calculate Rsns from equation 3 given Imax 

Battery Insertion and Removal 

The bq2031 uses Vbat to detect the presence or absence 
of a battery. The bq2031 determines that a battery is 
present when Vbat is between the High-Voltage Cutoff 
(Vhco = 0.6 * Vcc) and the Low-Voltage Cutoff (Vlco = 
0.8V). When Vbat is outside this range, the bq2031 de- 
termines that no battery is present and transitions to 
the Fault state. Transitions into and out of the range 
between Vlco and Vhco are treated as battery inser- 
tions and removals, respectively. Besides being used to 
detect battery insertion, the Vhco limit implicitly serves 
as an over-voltage charge termination, because exceed- 
ing this limit causes the bq2031 to believe that the bat- 
tery has been removed. 

7/14 


The user must include a pull-up resistor from the posi- 
tive terminal of the battery stack to VDC (and a diode to 
prevent battery discharge through the power supply 
when the supply is turned off) in order to detect battery 
removal during periods of voltage regulation. Voltage 
regulation occurs in pre-charge qualification test 1 prior 
to all of the fast charge algorithms, and in phase 2 of the 
Two-Step Voltage fast charge algorithm. 

Temperature Monitoring 

The bq2031 monitors temperature by examining the 
voltage presented between the TS and SNS pins (Vtemp) 
by a resistor network that includes a Negative Tempera- 
ture Coefficient (NTC) thermistor. Resistance variations 
around that value are interpreted as being proportional 
to the battery temperature (see Figure 7). 

The temperature thresholds used by the bq2031 and 
their corresponding TS pin voltage are: 

■ TCO — Temperature cutoff — Higher limit of the tem- 
perature range in which charging is allowed. Vtco = 
0.4* Vcc 

■ HTF — High-temperature fault — Threshold to 
which temperature must drop after temperature 
cutoff is exceeded before charging can begin again. 
Vhtf = 0.44 * Vcc 



Figure 7. Voltage Equivalent 
of Temperature Thresholds 
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■ LTF — Low-temperature fault — Lower limit of the 
temperature range in which charging is allowed. Vltf 
= 0.6 * Vcc 


A resistor-divider network must be implemented that 
presents the defined voltage levels to the TS pin at the 
desired temperatures (see Figure 8). 

The equations for determining RT1 and RT2 are: 

Equation 4 


0.6 * V cc = 


(V cc - 0.250V) 

^ ^ RT 1 * (RT2 + R ltf ) 
(RT2 * R ltf ) 


Equation 5 

0.44 = - 

x RTl* (R T2+ R htf ) 

(RT2 * R htf ) 

where: 

■ Rltf = thermistor resistance at LTF 

■ Rhtf = thermistor resistance at HTF 

TCO is determined by the values of RT1 and RT2. 1% 
resistors are recommended. 


V CC 
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Figure 8. Configuring 
Temperature Sensing 


Disabling Temperature Sensing 

Temperature sensing can be disabled by removing RT 
and using a lOOkQ resistor for RT1 and RT2. 

Temperature Compensation 

The internal voltage reference used by the bq203 1 for all 
voltage threshold determinations is compensated for 
temperature. The temperature coefficient is -3.9mV/°C, 
normalized to 25°C. Voltage thresholds in the bq2031 
vary by this proportion as ambient conditions change. 

Fast-Charge Termination 

Fast-charge termination criteria are programmed with 
the fast charge algorithm per Table 1. Note that not all 
criteria are applied in all algorithms. 


Minimum Current 

Fast charge terminates when the charging current drops 
below a minimum current threshold programmed by the 
value of IGSEL (see Table 3). This is used by the Two- 
Step Voltage algorithm. 


Table 3. Imin Termination Thresholds 


IGSEL 

Imin 

0 

Imax/10 

1 

Imax/20 

z 

Imax/30 
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Second Difference (A 2 V) 

Second difference is a Unitrode proprietary algorithm 
that accumulates the difference between successive sam- 
ples of Vbat- The bq2031 takes a sample and makes a 
termination decision at a frequency equal to 0.008 * 
tMTO- Fast charge terminates when the accumulated dif- 
ference is < -8mV. Second difference is used only in the 
Two-Step Current algorithm, and is subject to a hold-off 
period (see below). 

Maximum Voltage 

Fast charge terminates when Vcell S Vblk- Vblk is set 
per equation 2. Maximum voltage is used for fast charge 
termination in the Two-Step Current and Pulsed Cur- 
rent algorithms, and for transition from phase 1 to 
phase 2 in the Two-Step Voltage algorithm. This crite- 
rion is subject to a hold-off period. 

Hold-off Periods 



Maximum V and A 2 V termination criteria are subject 
to a hold-off period at the start of fast charge equal to 
0.15 * tMTO- During this time, these termination criteria 
are ignored. 


Figure 9. R-C Network for Setting MTO 
Maintenance Charging 


Maximum Time-Out 

Fast charge terminates if the programmed MTO time is 
reached without some other termination shutting off 
fast charge. MTO is programmed from 1 to 24 hours by 
an R-C network on TMTO (see Figure 9) per the equa- 
tion: 

Equation 6 

tMTO = 0.5 * R * C 

where R is in kQ, C is in pF, and tMTO is in hours. Typi- 
cally, the maximum value for C of O.lpF is used. 

Fast-charge termination by MTO is a Fault only in the 
Pulsed Current algorithm; the bq2031 enters the Fault 
state and waits for a new battery insertion, at which 
time it begins a new charge cycle. In the Two-Step Volt- 
age and Two-Step Current algorithms, the bq2031 tran- 
sitions to the maintenance phase on MTO time-out. 

The MTO timer starts at the beginning of fast charge. In 
the Two-Step Voltage algorithm, it is cleared and re- 
started when the bq2031 transitions from phase 1 (cur- 
rent regulation) to phase 2 (voltage regulation). The 
MTO timer is suspended (but not reset) during the out- 
of-range temperature (Charge Pending) state. 


Three algorithms are used in maintenance charging: 

■ Two-Step Voltage algorithm 

■ Two-Step Current algorithm 

■ Pulsed Current algorithm 

Two-Step Voltage Algorithm 

In the Two-Step Voltage algorithm, the bq2031 provides 
charge maintenance by regulating charging voltage to 
Vflt- Charge current during maintenance is limited to 
Icond- 

Two-Step Current Algorithm 

Maintenance charging in the Two-Step Current Algo- 
rithm is implemented by varying the period (Tp) of a 
fixed current (IcOND = Imax/5) and duration (0.2 sec- 
onds) pulse to achieve the configured average mainte- 
nance current value. See Figure 10. 

Maintenance current can be calculated by: 

Equation 7 

Maintenance current = l(0 - 2) * W* 1 = «°- 04 > * W) 

T P T P 

where Tp is the period of the waveform in seconds. 

Table 4 gives the values of P programmed by IGSEL. 
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Table 4. Fixed-Pulse Period by IGSEL 


IGSEL 

Tp (sec.) 

L 

0.4 

H 

0.8 

Z 

1.6 


Pulsed Current Algorithm 

In the Pulsed Current algorithm, charging current is 
turned off after the initial fast charge termination until 
Vcell falls to Vflt. Full fast charge current (Imax) is 
then re-enabled to the battery until Vcell rises to Vblk. 
This cycle repeats indefinitely 

Charge Regulation 

The bq2031 controls charging through pulse-width modu- 
lation of the MOD output pin, supporting both constant- 
current and constant- voltage regulation. Charge current 
is monitored by the voltage at the SNS pin, and charge 
voltage by voltage at the BAT pin. These voltages are 
compared to an internal temperature-compensated refer- 
ence, and the MOD output modulated to maintain the de- 
sired value. 


Voltage at the SNS pin is determined by the value of re- 
sistor Rsns, so nominal regulated current is set by: 

Equation 8 

Imax = 0.250V/Rsns 

The switching frequency of the MOD output is deter- 
mined by an external capacitor (CPWM) between the 
pin TPWM and ground, per the following: 

Equation 9 

Fpwm = 0.1/CpwM 

where C is in pF and F is in kHz. A typical switching 
rate is 100kHz, implying Cpwm = O.OOlgF. MOD pulse 
width is modulated between 0 and 80% of the switching 
period. 

To prevent oscillation in the voltage and current control 
loops, frequency compensation networks (C or R-C) are 
typically required on the VCOMP and ICOMP pins (respec- 
tively) to add poles and zeros to the loop control equations. 
A software program, “CNFG2031,” is available to assist in 
configuring these networks for buck type regulators. For 
more detail on the control loops in buck topology, see the 
application note, “Switch-Mode Power Conversion Using 
the bq2031.” For assistance with other power supply topolo- 
gies, contact the factory. 


'COND 
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IGSEL = L f 
Ave. Current 
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IGSEL = Z / 
Ave. Current 


fc 


Tp = 1.6 Sec 
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Figure 10. Implementation of Fixed-Pulse Maintenance Charge 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 s. max. 

Tbias 

Temperature under bias 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = topr; vcc = sv +10%) 


Symbol 

Parameter 

Rating 

Unit 

Tolerance 

Notes 

Vref 

Internal reference voltage 

2.20 

V 

1% 

T a = 25°C 

Temperature coefficient 

-3.9 

mV/°C 

10% 


Vltf 

TS maximum threshold 

0.6 * Vcc 

V 

±0.03V 

Low-temperature fault 

Vhtf 

TS hysteresis threshold 

0.44 * Vcc 

V 

±0.03V 

High-temperature fault 

Vtco 

TS minimum threshold 

0.4 * Vcc 

V 

±0.03V 

Temperature cutoff 

Vhco 

High cutoff voltage 

0.60 * Vcc 

V 

±0.03V 


Vmin 

Under-voltage threshold at BAT 

0.34 * Vcc 

V 

± 0.03 V 


Vlco 

Low cutoff voltage 

0.8 

V 

±0.03V 


VSNS 

Current sense at SNS 

0.250 

V 

10% 

Imax 

0.05 

V 

10% 

Icond 
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Recommended DC Operating Conditions (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - VsNS 

VcELL 

Battery voltage potential 

0 

- 

Vcc 

V 

Vbat - VsNS 

Icc 

Supply current 

- 

2 

4 

mA 

Outputs unloaded 

Iiz 

DSEL tri-state open detection 

-2 

- 

2 

rA 

Note 2 

IGSEL tri-state open detection 

-2 


2 

pA 


VlH 

Logic input high 

Vcc-1.0 

- 

- 

V 

QSEL,TSEL 

Vcc-0.3 

- 

- 

V 

DSEL, IGSEL 

Vil 

Logic input low 

- 

- 

Vss+1-0 

V 

QSEL,TSEL 

- 

- 

Vss+0.3 

V 

DSEL, IGSEL 

VOH 

LEDi, LED 2 , LED 3 , output high 

vcc- 0.8 

- 

- 

V 

Ioh ^ 10mA 

MOD output high 

Vcc-0.8 

- 

- 

V 

Ioh ^ 10mA 

VOL 

LEDi, LED 2 , LED 3 , output low 

- 

- 

Vss+0.8V 

V 

Iol ^ 10mA 

MOD output low 

- 

- 

Vss+0.8V 

V 

Iol ^ 10mA 

FLOAT output low 

- 

- 

Vss+ 0 . 8 V 

V 

Iol ^ 5mA, Note 3 

COM output low 

- 

- 

Vss+0.5 

V 

I 0L < 30mA 

o 

1— 1 

LEDi, LED 2 , LED 3 , source 

-10 

- 

- 

mA 

Voh =Vcc-0.5V 

MOD source 

-5.0 


- 

mA 

Voh =Vcc-0.5V 

IOL 

LEDi, LED 2 , LED 3 , sink 

10 

- 

- 

mA 

Vol = Vss+0.5V 

MOD sink 

5 

- 

- 

mA 

Vol = Vss+ 0 . 8 V 

FLOAT sink 

5 

- 

- 

mA 

Vol = Vss+ 0 . 8 V, Note 3 

COM sink 

30 

- 

- 

mA 

Vol = Vss+0.5V 

IlL 

DSEL logic input low source 

- 

- 

+30 

HA 

V = Vss to Vss+ 0.3V, Note 2 

IGSEL logic input low source 

- 

- 

+70 

pA 

V = V ss to Vss+ 0.3V 

IlH 

DSEL logic input high source 

-30 

- 

- 

pA 

V = Vcc - 0.3V to Vcc 

IGSEL logic input high source 

-70 

- 

- 

HA 

V = Vcc -0.3V to Vcc 

II 

Input leakage 

- 

- 

±1 

M-A 

QSEL, TSEL, Note 2 


Notes: 


1. All voltages relative to Vss except where noted. 

2 . Conditions during initialization after Vcc applied. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Rbatz 

BAT pin input impedance 

50 

- 

- 

MQ 


Rsnsz 

SNS pin input impedance 

50 

- 

- 

MQ 


Rtsz 

TS pin input impedance 

50 

- 

- 

MQ 


Rprogi 

Soft-programmed pull-up or pull-down 
resistor value (for programming) 

- 

- 

10 

kQ 

DSEL, TSEL, and 
QSEL 

RpROG2 

Pull-up or pull-down resistor value 

- 

- 

3 

kQ 

IGSEL 

Rmto 

Charge timer resistor 

20 

- 

480 

kQ 



Timing (ta = topr;vcc = 5v±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tMTO 

Charge time-out range 

1 

- 

24 

hours 

See Figure 9 

tQTl 

Pre-charge qual test 1 time-out period 

- 

0.02tMTO 

- 

- 


tQT2 

Pre-charge qual test 2 time-out period 

- 

0.16tMTO 

- 

- 


tDV 

A 2 V termination sample frequency 

- 

0.008tMTO 

- 

- 


tHOl 

Pre-charge qual test 2 hold-off period 

- 

0.002 tMTO 

- 

- 


tH02 

Bulk charge hold-off period 

- 

0.015tMTO 

- 

- 


Fpwm 

PWM regulator frequency range 

- 

100 


kHz 

See Equation 9 


Capacitance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Cmto 

Charge timer capacitor 

- 

0.1 

0.1 

pF 

CpwM 

PWM R-C capacitance 

" 

0.001 

- 

HF 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 


Descriptions 

Clarified and consolidated 

1 


Renamed 

Dual-Level Constant Current Mode to Two-Step Current Mode 
Vmcv to Vhco 

Vint to Vlco 
tuvi to tQTl 
tuV2 to tQT2 

1 


Consolidation 

Tables 1 and 2 

1 


Added figures 

Start-up states 

Temperature sense input voltage thresholds 

Pulsed maintenance current implementation 

1 


Updated figures 

Figures 1 through 6 

1 


Added equations 

Thermistor divider network configuration equations 

1 


Raised condition 

MOD Vol and Voh parameters from <5mA to <10pA 

1 


Corrected Conditions 

VSNS rating from Vmax and Vmin to Imax and Imin 

1 


Added table 

Capacitance table for Cmto and Cpwm 

2 

6 

Changed values in 
Figure 5 

Was 5 IK; is now 10K 

3 

7 , 10 

Changed values 
in Equations 3 and 8 

Was: Imax = 0.275V/Rsns; is now Imax = 0.250V/Rsns 

3 

8 

Changed values 
in Equation 4 

Was: (Vcc - 0.275); is now (Vcc - 0.250V) 

3 

11 

Changed rating value 
for Vsns in DC 
Thresholds table 

Was 0.275; is now 0.250 

4 

11 

Topr 

Deleted industrial temperature range. 


Notes: Change 1 = Dec. 1995 B changes from June 1995 A. 

Change 2 = Sept. 1996 C changes from Dec. 1995 B. 
Change 3 = April 1997 D changes from Sept. 1996 C. 
Change 4 = June 1999 E changes from April 1997 D. 


Ordering Information 


bq2031 


Package Option: 

PN = 16-pin plastic DIP 

SN = 16-pin narrow SOIC 

— Device: 

bq2031 Lead Acid Charge IC 
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Product Brief D V 203 1 S2 


_ UNITRODE 

Lead-Acid Charger Development System 

Control of On-Board 
P-FET Switch-Mode Regulator 


Features 

>* bq2031 fast-charge control evaluation and develop- 
ment 

> Onboard configuration for fast charge of 2, 3, 4 or 6 
lead-acid cells; user-defined option allows other 
configurations 

> Selectable charge algorithms: Two-Step Voltage, 
Two-Step Current, or Pulsed Current 

> Constant current (up to 2.2A) and constant voltage 
(up to 15V) provided by on-board switch-mode regula- 
tor 

> Charge termination by maximum voltage, second dif- 
ference of cell voltage, minimum current, or maxi- 
mum time-out 

> Direct connections for battery, thermistor, and power 
supply 

V MTO is set for 3.1 hours 
>- Jumper-configurable 3-LED display 

General Description 

The DV2031S2 Development System provides a develop- 
ment environment for the bq2031 Lead-Acid Fast- 
Charge IC. The DV2031S2 incorporates a bq2031 in a 
buck-type switch-mode regulation mode to provide 
fast-charge control for 2, 3, 4, or 6 lead-acid cells. 

The DV2031S2 can be configured for three different 
charge algorithms with jumpers JP1 and JP3. The 
charge algorithms available are 


■ Two-step voltage 

■ Two-step current 

■ Pulsed current 

Each algorithm consists of pre-charge qualification, fast 
charge, and maintenance charge periods. 

Fast charge termination occurs on 

■ Maximum voltage 

■ The second difference of cell voltage (A 2 V) 

■ Minimum current 

■ Maximum time-out 

The maintenance charge may be configured for either a 
regulated float voltage or a pulsed current. 

The user provides a DC power supply and batteries 
and configures the board for the number of cells, the 
minimum current threshold, and the LED display 
mode. The board has direct connections for the battery 
and the provided thermistor. 

Before using the DV2031S2 board, please review the 
bq2031 data sheet and the application note entitled “Us- 
ing the bq2031 to Charge Lead- Acid Batteries.” A full 
data sheet for this product is available on the Unitrode 
web site, or you may contact the factory for one. 
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Features 

> Safe charge of Lithium Ion bat- 
tery packs 

> Voltage-regulated current- 
limited charging 

> Fast charge terminated by se- 
lectable minimum current; safety 
backup termination on maximum 
time 

> Charging continuously qualified 
by temperature and voltage lim- 
its 

>■ Pulse-width modulation control 
ideal for high-efficiency switch- 
mode power conversion 

> Direct LED control outputs dis- 
play charge status and fault con- 
ditions 


bq2054 

Lithium Ion Fast-Charge 1C 


General Description 

The bq2054 Lithium Ion Fast- 
Charge IC is designed to optimize 
charging of lithium ion (Li-Ion) 
chemistry batteries. A flexible 
pulse-width modulation regulator 
allows the bq2054 to control voltage 
and current during charging. The 
regulator frequency is set by an ex- 
ternal capacitor for design flexibility. 
The switch-mode design keeps 
power dissipation to a minimum. 

The bq2054 measures battery tem- 
perature using an external thermis- 
tor for charge qualification. Charging 
begins when power is applied or on 
battery insertion. 

For safety, the bq2054 inhibits 
charging until the battery voltage 
and temperature are within con- 


figured limits. If the battery voltage 
is less than the low-voltage thresh- 
old, the bq2054 provides low-current 
conditioning of the battery. 

A constant current-charging phase re- 
plenishes up to 70% of the charge ca- 
pacity, and a voltage-regulated phase 
returns the battery to full. The charge 
cycle terminates when the charging 
current falls below a user-selectable 
current limit. For safety, charging ter- 
minates after maximum time and is 
suspended if the temperature is out- 
side the preconfigured limits. 

The bq2054 provides status indica- 
tions of all charger states and faults 
for accurate determination of the 
battery and charge system condi- 
tions. 


Pin Connections 




Ty 


tmQ 

1 

16 

2} led 2 /dsel 

iCTL^ 

2 

15 

□ led. 

batQ 

3 

14 

2\ MOD 

VCOMP [2 

4 

13 

□ Vcc 

ICOMP \2 

5 

12 

□ Vss 

■TERM [I 

6 

11 

21 LCOM 

SNSC 

7 

10 

□ lED 3 

TSC 

8 

9 

2\ TPWM 


16-Pin Narrow 



DIP or SOIC 




PN205401.eps 
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Pin Names 

TM 

Time-out programming 
input 

ICTL 

Inrush current control 
output 

BAT 

Battery voltage input 

VCOMP 

Voltage loop comp input 

ICOMP 

Current loop comp input 

Iterm 

Minimum current 
termination select input 

SNS 

Sense resistor input 

TS 

Temperature sense input 


TPWM 

Regulator timebase input 

LED 3 

Charge status output 3 

LCOM 

Common LED output 

Vss 

System ground 

Vcc 

5.0V±10% power 

MOD 

Modulation control output 

LEDi 

Charge status output 1 

led 2 / 

DSEL 

Charge status output 2/ 
Display select input 
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Pin Descriptions 

TM Time-out programming input 

This input sets the maximum charge time. 
The resistor and capacitor values are deter- 
mined using Equation 5. Figure 7 shows the 
resistor/capacitor connection. 

ICTL Inrush current control output 

ICTL is driven low during the fault or 
charge-complete states of the chip. It is used 
to disconnect the capacitor across the battery 
pack terminals, preventing inrush currents 
from tripping overcurrent protection fea- 
tures in the pack when a new battery is in- 
serted. 

BAT Battery voltage input 

BAT is the battery voltage sense input. This 
potential is generally developed using a 
high-impedance resistor divider network 
connected between the positive and the 
negative terminals of the battery. See Fig- 
ure 4 and Equation 1 . 

VCOMP Voltage loop compensation input 

This input uses an external R-C network for 
voltage loop stability. 

Iterm Minimum current termination select 

This three-state input is used to set Imin for 
fast charge termination. See Table 2 . 

ICOMP Current loop compensation input 

This input uses an external R-C network for 
current loop stability. 

SNS Charging current sense input 

Battery current is sensed via the voltage de- 
veloped on this pin by an external sense re- 
sistor, Rsns, connected in series with the 
negative terminal of the battery pack. See 
Equation 6 . 


TS Temperature sense input 

This input is used to monitor battery tempera- 
ture. An external resistor divider network sets 
the lower and upper temperature thresholds. 
See Figure 6 and Equations 3 and 4. 

TPWM Regulation timebase input 

This input uses an external timing capacitor 
to ground to set the pulse-width modulation 
(PWM) frequency. See Equation 7. 

LCOM Common LED output 

Common output for LEDi_ 3 . This output is 
in a high-impedance state during initiali- 
zation to read programming input on 
DSEL. 

MOD Current-switching control output 

MOD is a pulse-width modulated push/pull 
output that is used to control the charging 
current to the battery. MOD switches high 
to enable current flow and low to inhibit cur- 
rent flow. 

LEDi- Charger display status 1-3 outputs 

LED 3 

These charger status output drivers are for 
the direct drive of the LED display. Display 
modes are shown in Table 1. These outputs are 
tri-stated during initialization so that DSEL 
can be read. 

DSEL Display select input 

This three-level input controls the LED 1-3 
charge display modes. See Table 1. 

Vcc Vcc supply 

5.0 V, ± 10% power 

Vss Ground 
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Charge Algorithm 

The bq2054 uses a two-phase fast charge algorithm. In 
phase 1, the bq2054 regulates constant current (Isns = 
Imax) until Vcell (= Vbat - Vsns) rises to Vreg- The 
bq2054 then transitions to phase 2 and regulates con- 
stant voltage (Vcell = Vreg) until the charging current 
falls below the programmed Imin threshold. The charg- 
ing current must remain below Imin for 120 ± 40ms bef- 
ore a valid fast charge termination is detected. Fast 
charge then terminates, and the bq2054 enters the 
Charge Complete state. See Figures 1 and 2 . 

Charge Qualification 

The bq2054 starts a charge cycle when power is applied 
while a battery is present or when a battery is inserted. 
Figure 2 shows the state diagram for pre-charge qualifi- 
cation and temperature monitoring. The bq2054 first 
checks that the battery temperature is within the al- 
lowed, user-configurable range. If the temperature is out 
of range, the bq2054 enters the Charge Pending state 
and waits until the battery temperature is within the al- 
lowed range. Charge Pending is enunciated by LED 3 
flashing. 


Thermal monitoring continues throughout the charge 
cycle, and the bq2054 enters the Charge Pending state 
when the temperature out of range. (There is one excep- 
tion; if the bq2054 is in the Fault state — see below — the 
out-of-range temperature is not recognized until the 
bq2054 leaves the Fault state.) All timers are sus- 
pended (but not reset) while the bq2054 is in Charge 
Pending. When the temperature comes back into range, 
the bq2054 returns to the point in the charge cycle 
where the out-of-range temperature was detected. 

When the temperature is valid, the bq2054 then regu- 
lates current to Icond (=Imax/5). After an initial holdoff 
period tHO (which prevents the chip from reacting to 
transient voltage spikes that may occur when charge 
current is first applied), the chip begins monitoring 
Vcell- If Vcell does not rise to at least Vmin before the 
expiration of time-out limit tMTO (e.g. the cell has failed 
short), the bq2054 enters the Fault state. If Vmin is 
achieved before expiration of the time limit, the chip be- 
gins fast charging. 

Once in the Fault state, the bq2054 waits until Vcc is 
cycled or a new battery insertion is detected. It then 
starts a new charge cycle and begins the qualification 
process again. 



Figure 1. bq2054 Charge Algorithm 
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Figure 2. bq2054 State Diagram 
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Charge Status Display 

Charge status is enunciated by the LED driver outputs 
LED1-LED3. Three display modes are available in the 
bq2054; the user selects a display mode by configuring 
pin DSEL. Table 1 shows the three display modes. 

The bq2054 does not distinguish between an over- 
voltage fault and a “battery absent” condition. The 
bq2054 enters the Fault state, enunciated by turning on 
LED3, whenever the battery is absent. The bq2054, 
therefore, gives an indication that the charger is on even 
when no battery is in place to be charged. 


Configuring the Display Mode and Imin 

DSEL/LED2 is a bi-directional pin with two functions; it 
is an LED driver pin as an output and a programming 
pin as an input. The selection of pull-up, pull-down, or 
no pull resistor programs the display mode on DSEL per 
Table 1. The bq2054 latches the programming data 
sensed on the DSEL input when any one of the following 
three events occurs: 

1 . Vcc rises to a valid level. 

2. The bq2054 leaves the Fault state. 

3. The bq2054 detects battery insertion. 

The LEDs go blank for approximately 750ms (typical) 
while new programming data is latched. 


Table 1 . bq2054 Display Output Summary 


Mode 

Charge Action State 

LEDi 

led 2 

led 3 

DSEL = 0 
(Mode 1) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

Flash 

Low 

Low 

Fast charging 

High 

Low 

Low 

Charge complete 

Low 

High 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 

DSEL = 1 
(Mode 2) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

High 

High 

Low 

Fast charge 

Low 

High 

Low 

Charge complete 

High 

Low 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 

DSEL = Float 
(Mode 3) 

Battery absent or over-voltage fault 

Low 

Low 

High 

Pre-charge qualification 

Flash 

Flash 

Low 

Fast charge: current regulation 

Low 

High 

Low 

Fast charge: voltage regulation 

High 

High 

Low 

Charge complete 

High 

Low 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash 

Charging fault 

X 

X 

High 


Note: 1 = Vcc; 0 = Vss; X = LED state when fault occurred; Flash = % sec. low, y 6 sec high. 
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Fast charge terminates when the charging current drops 
below a minimum current threshold programmed by the 
value of Iterm (see Table 2) and remains below that 
level for 120 ± 40ms. 


Table 2. Imin Termination Thresholds 


Iterm 

Imin 

0 

Imax/10 

1 

Imax/20 

Float 

Imax/30 


Figure 3 shows the bq2054 configured for display mode 2 
and Imin = Imax/10. 

Voltage and Current Monitoring 

The bq2054 monitors battery pack voltage at the BAT 
pin. The user must implement a voltage divider be- 
tween the positive and negative terminals of the battery 
pack to present a scaled battery pack voltage to the BAT 
pin. The bq2054 also uses the voltage across a sense re- 
sistor (Rsns) between the negative terminal of the bat- 
tery pack and ground to monitor the current into the 
pack. See Figure 4 for the configuration of this network. 

The resistor values are calculated from the following: 

Equation 1 


RBI _ N * V REG 1 
RB2 2.05V 


where: 

■ N = Number of cells in series 

■ Vreg = Desired fast-charging voltage per cell 


These parameters are typically specified by the battery 
manufacturer. The total resistance presented across the 
battery pack by RBI + RB2 should be between 150kQ 
and 1M£2. The minimum value ensures that the divider 
network does not drain the battery excessively when the 
power source is disconnected. Exceeding the maximum 
value increases the noise susceptibility of the BAT pin. 

The current sense resistor, Rsns (see Figure 5), deter- 
mines the fast charge current. The value of Rsns is 
given by the following: 



Equation 2 


I 


MAX 


0.250V 

Rsns 


where: 

■ Imax = Desired maximum charge current 

Hold-Off Period 

Both Vhco and Imin terminations are ignored during 
the first 1.33 ± 0.19 seconds of both the Charge Qualifi- 
cation and Fast Charge phases. This condition prevents 
premature termination due to voltage spikes that may 
occur when charge is first applied. 
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Battery Insertion and Removal 

Vcell is interpreted by the bq2054 to detect the pres- 
ence or absence of a battery. The bq2054 determines 
that a battery is present when Vcell is between the 
High-Voltage Cutoff (Vhco = Vreg + 0.25V) and 
the Low-Voltage Cutoff (Vlco = 0.8V). When Vcell is 
outside this range, the bq2054 determines that no bat- 
tery is present and transitions to the Fault state. Tran- 
sitions into and out of the range between Vlco and Vhco 
are treated as battery insertions and removals, respec- 
tively. The Vhco limit also implicitly serves as an over- 
voltage charge termination. 

Inrush Current Control 

Wheneve r the b q2054 is in the fault or charge-complete 
state, the ICTL output is driven low. This output can be 
used to disconnect the capacitor usually present in the 
charger across the positive and negative battery termi- 
nals, preventing the cap from supplying large inrush 
currents to a newly inserted battery. Such inrush cur- 
rents may trip the overcurrent protection circuitry usu- 
ally present in Li-Ion battery packs. 



Figure 5. Configuring 
Temperature Sensing 


Temperature Monitoring 

The bq2054 monitors temperature by examining the 
voltage presented between the TS and SNS pins by a re- 
sistor network that includes a Negative Temperature 
Coefficient (NTC) thermistor. Resistance variations 
around that value are interpreted as being proportional 
to the battery temperature (see Figure 6). 

The temperature thresholds used by the bq2054 and 
their corresponding TS pin voltage are: 

■ TCO (Temperature Cutoff): Higher limit of the tem- 
perature range in which charging is allowed. Vtco = 
0.4 * Vcc 

■ HTF (High-Temperature Fault): Threshold to which 
temperature must drop after temperature cutoff is 
exceeded before charging can begin again. Vhtf = 
0.44 * Vcc 

■ LTF (Low-Temperature Fault): Lower limit of the 
temperature range in which charging is allowed. 
Vltf = 0.6 * Vcc 



Figure 6. Voltage Equivalent 
of Temperature 
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A resistor-divider network can be implemented that 
presents the defined voltage levels to the TS pin at the 
desired temperatures (see Figure 6), 

The equations for determining RT1 and RT2 are: 

Equation 3 


0.6 * V cc 


(V cc - 0.250) 

1 + RT1 * (RT2 + R ltf ) 
(RT2 * R ltf ) 


Equation 4 

0.44 = - 

x , RT1 * (RT2 + R htf ) 

(RT2 * R htf ) 

where: 

■ Rltf = thermistor resistance at LTF 

■ Rhtf = thermistor resistance at HTF 


VCC 



-±r V SS 


FG205406.eps 


tco is determined by the values of rti and RT2. 1% Figure 7. R-C Network for Setting MTO 
resistors are recommended. 


Disabling Temperature Sensing 

Temperature sensing can be disabled by placing lOkO 
resistors between TS and SNS and between SNS and 
Vcc. 

Maximum Time-Out 

MTO is programmed from 1 to 24 hours by an R-C net- 
work on the TM pin (see Figure 7) per the equation: 

Equation 5 

tMTO = 0.5 * R * C 

Where R is in k£2 and C is in pF, tMTO is in hours. The 
maximum value for C (O.lpF) is typically used. 

The MTO timer is reset at the beginning of fast charge 
and when fast charge transitions from the current regu- 
lated to the voltage regulated mode. If MTO expires dur- 
ing the current regulated phase, the bq2054 enters the 
Fault state and terminates charge. If the MTO timer ex- 
pires during the voltage regulated phase, fast charging 
terminates and the bq2054 enters the Charge Complete 
state. 

The MTO timer is suspended (but not reset) during the 
out-of-range temperature (Charge Pending) state. 


Charge Regulation 

The bq2054 controls charging through pulse-width 
modulation of the MOD output pin, supporting both 
constant-current and constant-voltage regulation. 
Charge current is monitored at the SNS pin, and charge 
voltage is monitored at the BAT pin. These voltages are 
compared to an internal reference, and the MOD output 
modulated to maintain the desired value. 

Voltage at the SNS pin is determined by the value of re- 
sistor Rsns, so nominal regulated current is set by: 

Equation 6 

Imax = 0.250V/Rsns 

The switching frequency of the MOD output is deter- 
mined by an external capacitor (CPWM) between the 
pin TPWM and ground, per the following: 

Equation 7 

Fpwm = 0.1/Cpwm 

Where C is in pF and F is in kHz. A typical switching 
rate is 100kHz, implying Cpwm = 0.00 lpF. MOD pulse 
width is modulated between 0 and 90% of the switching 
period. 

To prevent oscillation in the voltage and current control 
loops, frequency compensation networks (C or R-C) are typi- 
cally required on the Vcomp and Icomp pins (respectively). 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-55 

+125 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec. max. 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 




bq2054 


DC Thresholds <ta = topr; vcc = sv ±10%) 


Symbol 

Parameter 

Rating 

Unit 

Tolerance 

Notes 

Vref 

Internal reference voltage 

2.05 

V 

1% 

Ta = 25°C 

Temperature coefficient 

-0.5 

mV/°C 

10% 


Vltf 

TS maximum threshold 

0.6 * Vcc 

V 

± 0.03V 

Low-temperature fault 

Vhtf 

TS hysteresis threshold 

0.44 * Vcc 

V 

±0.03V 

High-temperature fault 

Vtco 

TS minimum threshold 

0.4 * Vcc 

V 

±0.03V 

Temperature cutoff 

Vhco 

High cutoff voltage 

2.3V 

V 

1% 


Vmin 

Under-voltage threshold at BAT 

0.2* Vcc 

1 

V 

±0.03V 


Vlco 

Low cutoff voltage 

0.8 

V 

±0.03V 


VsNS 

Current sense at SNS 

0.250 

V 

10% 

Imax 

0.050 

V 

10% 

ICOND 
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Recommended DC Operating Conditions (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

V 


Vtemp 

Temperature sense voltage 

0 

- 

Vcc 

V 

Vts - Vsns 

VcELL 

Per cell battery voltage input 

0 

- 

Vcc 

V 

Vbat - Vsns 

Icc 

Supply current 

- 

2 

4 

mA 

Outputs unloaded 

Iiz 

DSEL tri-state open detection 

-2 

- 

2 

HA 

Note 2 

Iterm tri-state open detection 

-2 


2 



VlH 

Logic input high 

Vcc-0.3 

- 

- 

V 

DSEL, Iterm 

VlL 

Logic input low 

- 

- 

Vss+0.3 

V 

DSEL, Iterm 

VoH 

LED 1 - 3 , ICTL, output high 

Vcc-0.8 

- 

- 

V 

Ioh ^ 10 mA 

MOD output high 

Vcc-0.8 

- 

- 

V 

Ioh ^ 10mA 

VOL 

LED 1 - 3 , ICTL, output low 

- 

- 

Vss+0.8V 

V 

Iol ^ 10mA 

MOD output low 

- 

- 

Vss+0.8V 

V 

Iol ^ 10mA 

LCOM output low 

- 

- 

Vss+0.5 

V 

I 0L < 30mA 

lOH 

LED 1 - 3 , ICTL, source 

-10 

- 

- 

mA 

Voh =Vcc-0.5V 

MOD source 

-5.0 

- 

- 

mA 

Voh =Vcc-0.5V 

IOL 

LED 1 - 3 , ICTL, sink 

10 

- 

- 

mA 

Vol = Vss+0.5V 

MOD sink 

5 

- 

- ' 

mA 

Vol = Vss+ 0 . 8 V 

LCOM sink 

30 

- 

- 

mA 

Vol = Vss+0.5V 

IlL 

DSEL logic input low source 

- 

- 

+30 

HA 

V = V SS to Vss+ 0.3V, Note 2 

Iterm logic input low source 

- 

- 

+70 

V- A 

V = Vss to Vss+ 0.3V 

IlH 

DSEL logic input high source 

-30 

- 

- 

H A 

V = Vcc - 0.3V to Vcc 

Iterm logic input high source 

-70 

- 

- 

HA 

V = Vcc - 0.3V to Vcc 


Notes: 1 . All voltages relative to Vss except where noted. 

2. Conditions during initialization after Vcc applied. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Rbatz 

BAT pin input impedance 

50 

- 

- 

MQ 


Rsnsz 

SNS pin input impedance 

50 

- 

- 

MQ 


Rtsz 

TS pin input impedance 

50 

- 

- 



Rprogi 

Soft-programmed pull-up or pull-down 
resistor value (for programming) 

- 

- 

10 

kn 

DSEL 

RpROG2 

Pull-up or pull-down resistor value 

- 

- 

3 

k£l 

Iterm 

Rmto 

Charge timer resistor 

20 

- 

480 

kQ 



Timing (ta = topr;vcc = 5v±io%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tMTO 

Charge time-out range 

1 

- 

24 

hours 

See Figure 7 

tQT 

Pre-charge qual test time-out period 

- 

tMTO 

- 

- 


tHO 

Termination hold-off period 

1.14 

- 

1.52 

sec. 


tlMIN 

Min. current detect filter period 

80 


160 

msec. 


Fpwm 

PWM regulator frequency range 

- 

100 


kHz 

Cpwm = O.OOlgF 
(equation 7) 


Capacitance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Cmto 

Charge timer capacitor 

- 

- 

0.1 

jiF 

CpwM 

PWM R-C capacitance 

- 

0.001 

- 

gF 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

5, 7, 8, 10 

Value Change 

Changed Vsns and Imax 

2 

5, 10 

Value Change 

Changed Vref 

3 

10 

Coefficient Addition 

Temperature coefficient added 

4 

5 

New state diagram 

Diagram inserted 

4 

1, 2, 8, 12 

NC pin replaced with ICTL 


4 

3, 5, 13 

Termination hold-off period added 
Imin detect filtering added 


5 

11 

Vhco Rating changed to 2.3V 
Vhco Tolerance changed to 1% 

Changed values for Vhco 

6 

13 

tQT in Timing Specifications 

tQT changed from (0.16 * tMTo) to tMTO 

7 

5 

Iterm in Table 2 

Z changes to Float 

7 

8 

Figure 6 

RBI and RB2 changed to RT1 and RT2 

8 

10 

Tqpr 

Deleted industrial temperature range. 


Notes: Change 3 = April 1996 C changes from Dec. 1995 B. 

Change 4 = Sept. 1996 D changes from April 1996 C. 
Change 5 = Nov. 1996 E changes from Sept. 1996 D. 
Change 6 = Oct. 1997 F changes from Nov. 1996 E. 
Change 7 = Oct. 1997 G changes from Oct. 1997 F. 
Change 8 = June 1999 H changes from Oct. 1997 G. 


Ordering Information 


bq2054 


I— Package Option: 

PN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 


1 — Device: 

bq2054 Li-Ion Fast-Charge IC 


14/14 


3-183 


Product Brief DV2054S2 


_i UNITRODE 

Li-Ion Charger Development System 

Control of On-Board 
PNP Switch-Mode Regulator 


Features 

> bq2054 fast-charge control evaluation and develop- 
ment, based on switching buck converter with 
low-side battery-current sensing 

>- On-board configuration for fast charge of 1, 2, 3, or 4 
Li-Ion cells 

> Charge termination by selectable minimum current, 
or maximum time-out 

> Constant current (up to 1.25 A) and constant voltage 
(up to 16.8V) provided by on-board switch-mode regu- 
lator 

> Jumper-configurable LED display 

> Direct connections for battery and thermistor 
>■ Maximum charge time of 5 hours 

General Description 

The DV2054S2 Development System provides a develop- 
ment environment for the bq2054 Lithium Ion Fast- 
Charge IC. The DV2054S2 incorporates a bq2054 and a 
buck-type switch-mode regulator to provide fast charge 
control for 1 through 4 Li-Ion cells. 

Fast charge is preceded by a pre-charge qualification pe- 
riod. 

Fast charge termination occurs on: 

■ Minimum current - Imax divided by 10, 20, or 30 

■ Maximum time-out 



The bq2054 can be reset and a new charge cycle started 
by applicaton of power to the board or battery replace- 
ment. 

The user provides a DC power supply and batteries 
and configures the board for the number of cells, the 
minimum current threshold, and the LED display 
mode. The board has direct connections for the battery 
and the provided thermistor. 

Before using the DV2054S2 board, please review the 
bq2054 data sheet. A full data sheet for this product is 
available on the Unitrode web site, or you may contact 
the factory for one. 
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Rev. B Board 
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DV2054S2 Board Schematic 



Rev. B Board 





bq2056/T/V 


mmm UNITROOE 

Low-Dropout Li-Ion Charge-Control ICs with 
AutoComp™ Charge-Rate Compensation 


Features 

V Significant reduction in charge 
time with AutoComp charge-rate 
compensation 

> Ideal for low-dropout linear regu- 
lator design 

>* 1-cell, 2-cell, and programmable 
multicell versions 

>- Low-cost charger implementation 
with minimum number of exter- 
nal components 

>- Programmable current limit to 
accommodate any battery size 

> Interface to external trickle 
charger for reviving deeply dis- 
charged batteries 

V High-accuracy charge control 

> Sleep mode for low power con- 
sumption 

>- Direct battery voltage sense 
without resistive dividers 
(bq2056 and bq2056T) 

> Small 8-pin SOIC package 


General Description 

The bq2056 series ICs are low-cost 
precision linear charge-control de- 
vices for Li-Ion batteries. With a 
minimum number of external compo- 
nents, the bq2056 is a complete low- 
dropout linear charger. The dropout 
voltage is typically less than 0.5V 
when the bq2056 is used with an ex- 
ternal PNP transistor or P-channel 
FET. Features include proprietary 


automatic charge-rate compensation 
(AutoComp) and a trickle-charger in- 
terface output for reviving deeply 
discharged cells. The bq2056 sup- 
ports a single-cell 4.1V pack and the 
2056T supports a two-cell 8.2V pack. 
The bq2056V may be externally pro- 
grammed for supporting other volt- 
ages. All versions feature a sleep 
mode for low-power applications. 


Functional Block Diagram 



Pin Connections 






INH [2 

1 8 

m v cc 

TRKL [2 

2 7 

2 ] cc 

vss C 

3 6 

2 } BAT 

COMP 

4 5 

□ SNS 

8-Pin DIP or Narrow SOIC 


PN-205601.eps 
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Pin Names 

INH Charge-inhibit input 

TRKL Trickle-charge 

interface output 

Vss Ground 

COMP Charge-rate 

compensation input 


SNS 

Current sense input 

BAT 

Battery voltage input 

CC 

Charge control 


output 

Vcc 

Supply input 


1 0/98 B 
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Pin Descriptions: 

INH Charge-inhibit input 

When input to this pin is high, the bq2056 
suspends the charge in progress and places 
the device in sleep mode. When input is low, 
the bq2056 resumes operation. 

TRKL Trickle-charge interface output 

This output is driven low if the battery volt- 
age is less than an internal threshold level 
and INH is low. This open-drain output can 
enable an external trickle charger to revive a 
deeply discharged battery. 

Vss Ground 

COMP Charge-rate compensation input 

This input is used to set the charge-rate 
compensation level. The voltage regulation 
output may be programmed to vary as a 
function of the charge current delivered to 
the battery. This feature, called AutoComp, 
provides compensation for internal cell im- 
pedance and voltage drops in protection 
circuitry and therefore may be used to 
safely reduce charging time. Connecting 
this pin to Vss disables the AutoComp fea- 
ture. 


SNS Current sense input 

Battery current is sensed via the voltage 
developed on this pin by an external sense- 
resistor, connected in series with the nega- 
tive terminal of the battery pack. 

BAT Battery voltage input 

This is the battery voltage sense input. It is 
tied directly to the positive side of the bat- 
tery pack on bq2056 and bq2056T versions. 
A simple resistive divider is required to 
generate this input for bq2056V. 

CC Charge-control output 

CC is an open-collector output that is used 
to control the charging current to the bat- 
tery. 

Vcc Vcc supply input 
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Functional Description 

The bq2056 supports a precision current- and voltage- 
limited charging system for Li-Ion batteries. The no-load 
voltage regulation references (Vreg) for the bq2056 and 
bq2056T are maintained at 4.1V and 8.2V, respectively. 
The bq2056V provides variable regulation to accommo- 
date a wide range of charge voltages and may be used to 
meet tighter tolerance requirements through external 
trimming. The functional block diagram for the bq2056 
is on the first page of this data sheet, and Figure 1 illus- 
trates a typical application. 

Charge Algorithm 

The bq2056 completes the charge cycle in two phases. A 
constant current phase replenishes approximately 70% 
of battery capacity, while an accurate voltage regulation 
phase completes the charge. 

Figure 2 shows a typical charge algorithm for bq2056, 
including charge qualification, current regulation, and 
voltage regulation phases. 

Charge Qualification 

During charge qualification the bq2056 detects a low 
battery and reports this status on pin TRKL. Detection 

3/8 


is accomplished by comparing pin BAT voltage to the in- 
ternal threshold Vmin. While pin BAT voltage is less 
than Vmin and pin INH is low, the open-drain output 
TRKL is driven low and the voltage/current regulator is 
disabled (CC=high-Z). In the bq2056V, low-voltage de- 
tection occurs when the voltage on pin BAT is less than 
or equal to Vmind. As shown in Figure 1, TRKL enables 
an external trickle-charge circuit to bring the battery 
voltage up to Vmin or Vmind. 

Current Regulation 

The bq2056 provides current regulation while the pack 
voltage is below the voltage limit. Charge-current feed- 
back, applied through pin SNS, maintains regulation 
around a threshold of Vsns. The following formula calcu- 
lates the value of the sense-resistor connected in series 
with the negative terminal of the battery pack (Figure 3): 

Rsns= 0.1/ Imax 

where Imax is the maximum charging current. Imax 
should not exceed 1A. 

An external PNP or power P-FET may be used as the se- 
ries pass element with control provided through output 
pin CC. 
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VREG 


VMIN 
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Figure 2. bq2056 Charge Algorithm 


Voltage Regulation 

Voltage regulation feedback is through pin BAT. This pin 
is connected directly to the pack in the bq2056 and 
bq2056T. This voltage is compared with the voltage 
regulation reference, Vreg- In the bq2056V, a resistive 
divider may be used to generate this input (Figure 4). In 
this case, the voltage presented on pin BAT is compared 
with the internal reference voltage Vref. The resistor 
values Rri and Rb 2 (Figure 4) are calculated based on 
the following equation: 

Rbi _ N * Vcell i 
Rb2 Vref 

where 

N = Number of cells in series 

Vcell = Manufacturer-specified charging voltage 

Automatic Charge-Rate Compensation 
(AutoComp) Feature 

To reduce charging time, the bq2056 series uses the pro- 
prietary AutoComp technique to compensate safely for 
internal impedance of battery and any voltage drops in 
the protection circuitry This maximizes battery’s capac- 
ity while reducing charging time. Compensation is 
through input pin COMP (Figure 5). A portion of the 
current-sense voltage, presented through this pin, is 
scaled by a factor of Kcomp and summed with the regu- 
lation reference, Vreg. This process increases the output 


voltage to compensate for the battery’s internal imped- 
ance and undesired voltage drops in the circuit. 

For bq2056 and bq2056T, the voltage across the battery 
pack, Vpak, is 

Vpak = Vreg + (Kcomp * voltage on pin COMP) 

For bq2056V, the compensation voltage is added to the 
product of the internal voltage reference, Vref, and the 
gain, KDIV, of the external resistive divider between the 
battery pack and BAT input, (Figure 4). 

Vpak = (Vref * Kdiv) + (Kcomp * voltage on pin COMP) 

Sleep Mode 

The charge function may be disabled through pin INH. 
When INH is driven high, internal current consumption 
is reduced, and pins CC and TRKL assumes a high- 
impedance output state. 
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Figure 3. Current-Sensing Resistor Figure 4. Battery Voltage Divider for 

bq2056V 



Figure 5. AutoComp Circuit 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

Vcc 

Vcc relative to Vss 

-0.3 

+18 

V 


Vt 

DC voltage applied on any pin 
(excluding Vcc) relative to Vss 

-0.3 

Vcc+0.3 

V 


Topr 

Operating ambient temperature 

-20 

70 

°c 


Tstg 

Storage temperature 

-40 

125 

°c 


Tsolder 

Soldering temperature 

- 

260 

°c 

10s max. 

Pd 

Power dissipation 


300 

mW 



DC Thresholds (Ta=Topr and Vcc = 5-1 7V unless otherwise specified) 


Symbol 

Parameter 

Rating 

Unit 

Tolerance 

Notes 

Vreg 

(bq2056) 

Voltage regulation reference 

4.10 

V 

±1% 


Vreg 

(bq2056T) 

Voltage regulation reference 

8.20 

V 

±1% 


Vref 

(bq2056V) 

Voltage regulation reference 

3.35 

V 

±1% 


VsNS 

Current regulation reference 

100 

mV 

±15% 


Vmin 

(bq2056) 

Trickle-charge voltage 
reference 

2.0 

V 

±15% 


Vmin 

(bq2056T) 

Trickle-charge voltage 
reference 

4.0 

V 

±15% 


Vmind 

(bq2056V) 

Trickle -charge voltage 
reference 

1.64 

V 

±15% 


Kcomp 

(bq2056) 

AutoComp constant 

2.0 


±10% 


Kcomp 

(bq2056T) 

AutoComp constant 

4.0 

- 

±10% 


Kcomp 

(bq2056V) 

AutoComp constant 

1.7 


±10% 
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Recommended DC Operating Conditions (ta= 25 °c) 


Symbol 

Parameter 

Min 

Typical 

Max 

Units 

Notes 

Vcc 

Supply voltage relative to Vss 

5.0 

- 

17.0 

V 


Icc 

Supply current 

- 

1 

2 

mA 

INH = LOW 

Ices 

Sleep current 

- 

10 

30 

pA 

INH = HIGH 

VlL 

Input low 

- 

- 

0.5 

V 

Pin INH 

VlH 

Input high 

2.0 

- 

- 

V 

Pin INH 

VOL 

Output low 

- 

- 

0.4 

V 

Pin TRKL, Iol = 1mA 

lOH 

Leakage current 

- 

- 

1 

pA 

Pin TRKL 

ISNK 

Sink current 

- 

- 

40 

mA 

Pin CC 


Impedance 


Symbol 

Parameter 

Min 

Typical 

Max 

Units 

Notes 

Rbat 

BAT pin input impedance 

- 

1 

- 

MQ 


Rsns 

SNS pin input impedance 

- 

100 

' 

ka 


Rcomp 

COMP pin input impedance 

- 

100 


kO 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

6 

Changed tolerance for Vreg and Vref in 
DC Thresholds table 

Was: ±0.7% with ±0.5% variation over power 
supply and temperature range 

Is: ±1% over power supply and temperature 
range 

1 

6 

Changed value and tolerance for Kcomp 
in DC Thresholds table 

Was: 2.0, ±15% 

Is: bq2056: 2.0, +10% 
bq2056T: 4.0, +10% 
bq2056V: 1.7, +10% 


Note: Change 1 = Oct. 1998 B changes from March 1998. 


Ordering Information 


bq2056 


Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 


1 — Device: 

bq2056 Li-Ion Fast-Charge IC for One Cell 
bq2056T Li-Ion Fast-Charge IC for Two Cells 
bq2056V Programmable Li-Ion Fast-Charge IC 
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UNITRODE- 


Rechargeable Alkaline Charge/Discharge 

Controller 1C 


Features 


> Safely charges two rechargeable 
alkaline batteries such as Re- 
newal® from Rayovac® 

> Terminates pulsed charge with 
maximum voltage limit 

> Contains LED charge status out- 
put 

> Features a pin-selectable 
low-battery cut-off 

> Pre-charge qualification indicates 
fault condition 

> Available in 8-pin 300-mil DIP or 
150-mil SOIC 


General Description 

The bq2902 is a low-cost charger for 
rechargeable alkaline batteries such 
as Renewal® batteries hum Rayovac®. 
The bq2902 combines sensitive, hill- 
charge detection for two recharge- 
able alkaline cells, with a low-battery 
cut-off for overdischarge protection. 

Designed for system integration 
into a two-cell system, the bq2902 
can improve the service life of the 
rechargeable alkaline cells by prop- 
erly managing the charge and dis- 
charge. The bq2902 requires a 
voltage limited current source to 
generate the proper charge pulses 
||for the Renewal® cell. Each cell is 
individually monitored to ensure 
full charge without a damaging 
overcharge. 


Charge completion is indicated 
when the average charge rate falls 
below approximately 3% of the fast 
charge rate. A status output is pro- 
vided to indicate charge in progress, 
charge complete, or fault indication. 

The bq2902 avoids over-depleting 
the battery by using the internal 
end-of-discharge control circuit. 
The bq2902 also eliminates the 
external power switching transis- 
tors needed to separately charge 
individual Renewal cells. 

For safety, charging is inhibited if 
the per-cell voltage is greater than 
3.0V during charge (closed-circuit 
voltage), or if the cell voltage is less 
than 0.4V (open-circuit voltage). 


Pin Connections 


Pin Names 






VSEL m 

1 8 

2 \ CHG 

BAT 1N □ 

2 7 

□ Vss 

BAT-ip □ 

3 6 

□ V SS 

DC [2 

4 5 

3 LRTN 

8-Pin Narrow DIP 


or SOIC 



PN29Q201.eps 


DC 

CHG 

BATip 

BATin 


Charging supply input 

Vss 

Battery 2 negative input 
IC ground 

Battery status output 


LRTN 

System load return 

Battery 1 positive input 


VsEL 

End-of-discharge voltage 

Battery 1 negative input 


select input 
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Pin Descriptions 

DC DC supply input 

This input is used to charge the rechargeable 
alkaline cells and power the bq2902 during 
charge. To charge the batteries, this input 
should be connected to a current-source lim- 
ited to 300 mA. If the DC input current is 
greater than 300mA, the power dissipation 
limits of the package may be exceeded. The 
DC input should also be capable of supplying 
a minimum of 3.3V and should not exceed 
5.5V. 


CHG Charge status 

This open-drain output is used to signify the 
battery charging status and is valid only 
when DC is applied. 

Vsel End-of-discharge select input 

This three-level input selects the desired 
end-of-discharge cut-off voltage for the 
bq2902. Vsel = BATip selects an EDV of 
1.10V. Vsel floating selects EDV = 1.0V. Vsel 
= Vss selects EDV = 0.9.V 


BATip Battery 1 positive input 

This input connects to the positive terminal 
of the battery designated BATi (see Figure 
3). This pin also provides power to the bq2902 
when DC is not present. 

BATin Battery 1 negative input 

This input connects to the negative terminal 
of the battery designated BATi (see Figure 3). 

Vss Battery 2 negative input/IC ground 

This input connects to the negative terminal 
of the battery designated BAT 2 (see Figure 3). 

LRTN Load return 

This open-drain pull-down output is typi- 
cally used as a low-side switch. High-side 
load switching is also possible with the addi- 
tion of an external P-FET. 

Functional Description 

Figure 1 is a block diagram outlining the major compo- 
nents of the bq2902. 

Figure 2 illustrates the charge control and display 
status during a bq2902 cycle. Table 1 outlines the vari- 


DC 

V SEL 

CHG 




BAT-ip 


BATin 

LRTN 

V SS 

V SS 


BD290201 .eps 


Figure 1. Functional Block Diagram 
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ous operational states and their associated conditions 
which are described in detail in the following section. 
Figure 3 is an application example. 

Charge Initiation 

The bq2902 always initiates and performs a charge cycle 
whenever a valid DC input is applied. A charge cycle 
consists of pulse charging the battery and then checking 
for a termination condition. The charging section ex- 
plains charging in greater detail. 

Charge Pre-Qualification 

After DC is applied, the bq2902 checks the open-circuit 
voltage (Vocv) of each cell for an undervoltage condition 
(Vmin = 0.4V) and begins a charge cycle when the Vocv 
of all cells is above Vmin- If Vocv of any cell is below 
Vmin, the bq2902 enters a charge-pending mode and in- 
dicates a fault condition (see Table 1). The bq2902 re- 
mains in a charge-pending mode until Vocv of each cell 
is above Vmin. 

Charge Termination 

Once a charge cycle begins, the bq2902 terminates 
charge when the average charge rate falls below 3% of 
the maximum charge rate. The bq2902 also terminates 
charge when the closed-circuit voltage (Vccv) of any cell 
exceeds 3.0V (V flt) d uring charge and indicates a fault 
condition on the CHG output (see Table 1). 


Charge Re-Initiation 

If DC remains valid, the bq2902 suspends all charge 
activity after full-charge termination. A charge cycle is 
re-initiated when all cell potentials fall below 1.4V. The 
rechargeable alkaline cells, unlike other rechargeable 
chemistries, do not require a maintenance charge to 
keep the cells in a fully charged state. The self-discharge 
rate for the Renewal cells is typically 4% per year at 
room temperature. 

Charge Status Indication 

Table 1 and Figure 2 outline the various charg e action 
states and the associated BATip, and CHG output 
states. The charge status output is designed to work 
with an LED indicator. In all cases, if DC is not present 
at the DC pin, or if the DC supply is less than the volt- 
age at the BATip pin, the CHG output is held in a high- 
impedance condition. 

Charging 

The bq2902 controls charging by periodically connecting 
the DC current-source to the battery stack, not to the in- 
dividual battery cells. The charge current is pulsed 
from the internal clock at approximately a 80Hz rate on 
the BATip pin. 

The bq2902 pulse charges the battery for approximately 
10ms of every 12.5ms, when conditions warrant. The 
bq2902 measures the open-circuit voltage (Vocv) of each 
battery cell during the idle period. If a single-cell poten- 
tial of any battery is above the maximum open-circuit 
voltage (Vmax = 1.63V ±3%), the following pulses are 


Table 1. bq2902 Operational Summary 


Charge Action State 

Conditions 

BATip Input 

CHG 

Output 

DC absent 

Vdc < Vbatip 

Low battery detection per Vsel 

Z 

Charge initiation 

DC applied 

- 

- 

Charge pending/ 
fault 

Vocv < 0.4V 1 or Vccv > 3.0V 2 

- 

y 3 sec = Low 
% sec = Z 

Charge pulse 

Vocv ^ 1.63V before pulse 

Charge pulsed @ 80Hz per Figure 2 

y 6 sec = Low 
y 6 sec = Z 

Pulse skip 

Vocv > 1.63V 
before pulse 

Pulse skipped per Figure 2 

y 6 sec = Low 
y 6 sec = Z 

Charge complete 

Average charge rate falls below 3% of 
the fast charge rate 

Charge complete 

Low 


Notes: 


1. Vocv = Open-circuit voltage of each cell between positive and negative leads. 

2. Vccv = Closed-circuit voltage. 
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skipped until all cell potentials fall below the Vmax 
limit. Charging is terminated when the average charge 
rate falls below approximately 3% of the maximum 
charge rate. Once charging is ter minat ed, the internal 
charging FET remains off, and the CHG output becomes 
active per Table 1 and Figure 2. With DC applied, the 
internal discharge FET will always remain on. 

End-of-Discharge Control 

When DC is not present or less than the voltage present 
on the BATip pin, the bq2902 power is supplied by the 
voltage present at the BATip pin. In this state, the bat- 
teries discharge down to the level determined by the 
Vsel pin. The bq2902 monitors the cell voltage of the re- 
chargeable alkaline cells. 

If the voltage across any cell is below the voltage speci- 
fied by the Vsel input, the bq2902 disconnects the bat- 
tery stack from the load by turning the internal 
discharge FET off. The discharge FET remains off until 
either the batteries are replaced or DC is reapplied, ini- 
tiating a new charge cycle. After disconnecting the bat- 
tery stack from the load, the standby current in the 
bq2902 is reduced to less than IpA. The end-of- 
discharge voltage (Vedv) is selectable by connecting the 
Vsel pin as outlined in Table 2. Typically, higher dis- 


charge loads (>200mA) should use a lower discharge 
voltage cut-off to maximize battery capacity. 



Table 2. bq2902 EDV Selections 


End-of-Discharge Voltage 

Pin Connection 

1.10V 

Vsel = BATip 

1.00V 

Vsel = Z 

0.90V 

Vsel = Vss 


DC Valid 




Pending 


BATir 


I I II 

-H 12.5ms N- -»10msN- 


Charging 


© 


Charge 

Complete 



-N n- 2/3 sec. -HU- 1/6 sec. 



Notes: 1. Charging: 0.4 < VOCV < 1.63V, Vccv^ 3.0V. 

2. Pulses skipped when VOCV > 1 -63V. 

3. Charge complete when average charge falls below 3% of fast charge rate 


TD290201 .eps 


Figure 2. bq2902 Application Diagram 


4/8 


3-197 





bq2902 



Figure 3. bq2902 Application Example, 1.0V EDV 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

DCin 

Vdc relative to GND 

-0.3 

7.0 

V 


Vt 

DC threshold voltage applied on any 
pin, excluding the DC pin, relative to 
GND 

-0.3 

7.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

-40 

+85 

°c 

Industrial 

Tstg 

Storage temperature 

-40 

+85 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Idc 

DC charging current 

- 

400 

mA 


Iload 

Discharge current 

- 

500 

mA 


IoL 

Output current 

- 

- 

mA 

CHG 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = 25 °c ; vdc = s.sv) 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vmax 

Maximum open-circuit 
voltage 

1.63 

±3% 

V 

Vocv > Vmax inhibits/terminates 
charge pulses 

Vedv 

End-of-discharge voltage 

0.90 

±5% 

V 

Vsel = BAT2N 

1.00 

±5% 

V 

VsEL = Z 

1.10 

±5% 

V 

Vsel = BATip 

Vflt 

Maximum open-circuit 
voltage 

3.00 

±5% 

V 

Vccv > Vflt terminates charge, in- 
dicates fault 

Vmin 

Minimum battery voltage 

0.40 

±5% 

V 

Vocv < Vmin inhibits charge 

VcE 

Charge enable 

1.40 

±5% 

V 

Vocv < Vce on both cells re- 
initiates charge 


Note: Each DC threshold parameter above has a temperature coefficient associated with it. To determine the 

coefficient for each parameter, use the following formula: 

Tempco = ^a me terRa ti ng * _ 0 _ 5mV /° c 
1.63 

The tolerance for these temperature coefficients is 10%. 
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Timing (t a = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tp 

Pulse period 

- 

12.5 


ms 

See Figure 2 

tpw 

Pulse width 


10 


ms 

See Figure 2 


Note: Typical is at Ta = 25°C. 

DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

VlH 

Logic input high 

Vbatip - 0.1 

- 

Vbatip 

V 

VsEL 

VlL 

Logic input low 

Vss 

- 

Vss + 0.1 

V 

VsEL 

VOL 

Logic output low 

- 

- 

0.8 

V 

Iol = 10mA 

IOL 

Output current 

10 

- 

- 

mA 

@Vol = Vss + 0.8V 

Icc 

Supply current 

- 

- 

250 

ra 

Outputs unloaded, 

V DC = 5.5V 

ISBl 

Standby current 

- 

- 

25 

pA 

Vdc = 0V, Vocv > Vedv 

ISB2 

End-of-discharge 
standby current 

- 

- 

1 

M-A 

VDC = 0V 

II 

Input leakage 

- 

- 

±1 

pA 

VsEL 

Ioz 

Output leakage in 
high-Z state 

-5 

- 

■ 

pA 

CHG 

Rdson 

On resistance 

- 

0.5 

- 

O 

Discharge FET, Vbatip = 1.8V 

IlL 

Logic input low 

- 

- 

70 

HA 

VsEL 

IlH 

Logic input high 

-70 

- 

- 

pA 

VsEL 

Iiz 

Logic input float 

-2 

- 

2 

HA 

VsEL 

Idc 

DC charging current 

- 

- 

300 

mA 


Vdc 

DC charging voltage 

3.3 

- 

5.5 

V 

DC 

Iload 

Discharge current 

- 

- 

400 

mA 


Vqp 

Operating voltage 

1.8 

- 

5.5 

V 

BATip 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

2 

Figure 1. Functional Block Diagram 

Updated block diagram 


Notes: Change 1 = May 1999 C changes from Jan. 1997 B. 


Ordering Information 


bq2902 


^Package Option: 

PN = 8-pin plastic DIP 
SN = 8-pin narrow SOIC 


*— Device: 

bq2902 Rechargeable Alkaline 
Charge/Discharge Controller IC 
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Product Brief DV2902 


UNITRODE 


Rechargeable Alkaline 
Development System 


Features 

> bq2902 evaluation and development system for two 
rechargeable alkaline cells. 

> Battery holder for AA or AAA cells 

> Charge status LED 

> Direct connection for external voltage source or exter- 
nal current source 

> Onboard current source for charging 

> Terminates pulsed charge with maximum voltage 
limit 

>- Selectable end-of-discharge voltage 

>■ Selectable charging rates: 

100mA, 200mA, or 300mA 

General Description 

The DV2902 Development System provides a develop- 
ment environment for the bq2902 Charge/Discharge For a better understanding of the operation of the 

Controller IC used for managing two rechargeable alka- DV 2902, please review the bq2902 data sheet. A full 

hne cells. The user provides the charging source, the data sheet 0 f this, product is available on the Unitrode 
load, and two AA or AAA rechargeable alkaline cells. web site, or you may contact the factory for one. 

The user provides either a voltage source such as an 
AC/DC wall adapter and then use the on-board current ^ 
source, or can provide an external voltage limited cur- 
rent source of their own design. ; 

Fast charge is terminated by a maximum voltage limit. 

The status LED will remain on when charging has been 
terminated while the charging source is still supplied. 

The DV2902 also provides for a selectable end-of- 
discharge voltage (EDV). This is configured using 
jumper. When EDV is met, the bq2902 disconnects the 
battery stack from the load. 
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_ UNITRQDE 

Rechargeable Alkaline Charge/Discharge 

Controller 1C 


Features 

> Safe charge of three or four re- 
chargeable alkaline batteries 
such as Renewal® from Rayovac® 

> Pulsed charge terminated with 
maximum voltage limit 

> LED outputs indicate charge 
status 

> Selectable end-of-discharge volt- 
age prevents overdischarge and 
improves cycle life 

> Optional external FET drive al- 
lows high current loads 

> Pre-charge qualification indicates 
fault conditions 

> Automatic charge control simpli- 
fies charger design : 

> Available in 14-pin 300-mil DIP 
or 150-mil SOIC 


Pin Connections 



— 

-TZ? 


BATin □ 

1 

14 

□ BATip 

BAT2N |H 

2 

13 

I] DC 

BAT 3N □ 

3 

12 

lrtn 2 

nselG 

4 

11 

HI Vss 

vselC 

5 

10 

□ Vss 

DONE [H 

6 

9 

HI LRTN! 

chg[H 

7 

8 

HI DRV 

14-Pin Narrow DIP 



or SOIC 




PN290301.eps 
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General Description 

The bq2903 is a cost-effective charge 
controller for rechargeable alkaline 
batteries such as Renewal batteries 
from Rayovac. The bq2903 combines 
sensitive, full-charge detection for 
three to four rechargeable alkaline 
cells, with a low-battery cut-off for 
over-discharge protection. 

Designed for integration into a three- 
or four-cell system, the bq2903 can 
improve the service life of the re- 
chargeable alkaline cells by properly 
managing the charge and discharge. 
The bq2903 requires a voltage-limited 
current source to generate the proper 
charge pulses for the Renewal cell. 
Each cell is individually monitored 
to ensure full charge without a dam- 
aging overcharge. 

Charge completion is indicated when 
the average charge rate falls below 


Pin Names 

DC 

Charging supply input 

CHG 

Battery status output 1 

DONE 

Battery status output 2 

Nsel 

Number of cells input 

VsEL 

End of discharge 
voltage select input 

BATip 

Battery 1 positive input 


approximately 6% of the fast charge 
rate. Status outputs are provided to 
indicate charge in progress, charge 
complete, or fault condition. 

The bq29G3 avoids over-depleting 
the battery by using the internal 
end-of-discharge control circuitry. 
The bq2903 also eliminates the ex- 
ternal power switching transistors 
needed to separately charge indi- 
vidual Renewal cells. 

To reduce external component count, 
the discharge and charge control 
FETs are internal to the bq2903; 
however, if the discharge load is 
greater than 400mA, a DRV pin is 
provided to drive an external N-FET, 
reducing the effective discharge path 
resistance for the system. 

For safety, charging is inhibited if the 
voltage of any cell is greater than 
3.0V during charge or if the voltage of 
any cell is less than 0.4V when not 
charging (open-circuit voltage). 


BATin 

Battery 1 negative input 

BAT 2 N 

Battery 2 negative input 

BAT 3 N 

Battery 3 negative input 

Vss 

Battery 4 negative input/ 
IC ground 

LRTNi,2 

System load returns 

DRV 

External FET drive 

output 
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Pin Descriptions 

DC DC supply input 

This input is used to recharge the recharge- 
able alkaline cells and power the bq2903 
during charge. This input must be connected 
to a voltage-limited current source. 

CHG Charge status 

This open-drain output is used to signify the 

battery charging status and is valid only when 
DC is applied. See Figure 4 and Table 1. 

DONE Charge done 

This open-drain output is used to signify 
charge completion and is valid only when DC 
is applied. 

Nsel Number of cells input 

This input selects whether the bq2903 
charges 3 or 4 cells. Nsel = BATip selects 4 
cells, and Nsel = Vss selects 3 cells. 

Vsel End-of-discharge select input 

This three-level input selects the desired end- 
of-discharge cut-off voltage for the bq2903. Vsel 


= BATip selects an EDV of 1 . 10 V. Vsel float- 
ing selects EDV = 1 . 0 V. Vsel =Vss selects EDV 
= 0.9V. 

BATip Battery 1 positive input 

This input connects to the positive terminal 
of the battery designated BATi (see Figure 
3). This pin also provides power to the bq2903 
when DC is not present. 

BATin Battery 1 negative input 

This input connects to the negative terminal 
of the battery designated BATi (see Figure 3). 

BAT 2 N Battery 2 negative input 

This input connects to the negative terminal 
of the battery designated BAT 2 (see Figure 3). 

BAT 3 N Battery 3 negative input 

This input connects to the negative terminal 
of the battery designated BAT 3 (see Figure 3). 

Vss Battery 4 negative input/IC ground 

This input connects to the negative terminal 
of the battery designated BAT 4 (see Figure 3). 



Figure 1. Functional Block Diagram 
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LRTN1, 2 Load returns 

These open-drain pull-down outputs are typ- 
ically used as low-side load switches. 
High-side load switching is also possible 
with the addition of an external P-FET 

DRV External FET drive output 

This push-pull output drives an optional ex- 
ternal N-FET (see Figure 4). See page 5 for a 
full description. 

Functional Description 

Figure 1 is a block diagram outlining the major compo- 
nents of the bq2903. Figure 2 illustrates the charge con- 
trol and display status during a bq2903 cycle. Table 1 
outlines the various operational states and their associ- 
ated conditions which are described in detail in the fol- 
lowing section. 

DC Input 

This input is used to charge the rechargeable alkaline cells 
and power the bq2903 during a charge. To charge the bat- 
teries, this input should be connected to a current source 
limited to 300mA. If the DC input current is greater than 
300mA, the power dissipation limits of the package will be 
exceeded. The DC input should also be capable of supply- 
ing a minimum of 2.0V*N, where N is the number of cells 
to be charged. The DC input should not exceed 10V. 

Charge Pre-Qualification 

After DC is applied, the bq2903 checks the open-circuit 
voltage (Vocv) of each cell for an undervoltage condition 


(Vocv<0.4V). If the Vocv of any cell is below Vmin, the 
bq2903 enters a charge-pending mode and indicates a 
fault (see Table 1). 

If all cells are above Vmin and the minimum operating 
voltage VOP(min)=2.7V at the DC pin is met, the bq2903 
will initiate a charge cycle. A charge cycle consists of 
pulse charging the battery and then checking for a termi- 
nation condition. 

Charge Termination 

Once a charge cycle begins, the bq2903 terminates 
charge when the average charge rate falls below 6% of 
the maximum charge rate. The bq2903 also terminates 
charge when the closed-circuit voltage (Vccv) of any cell 
exceeds 3.0V (V flt) d uring charge and indicates a fault 
condition on the CHG output (see Table 1). 

Charge Re-Initiation 

If DC remains valid, the bq2903 will suspend all charge ac- 
tivity after full-charge termination. A charge cycle is re- 
initiated when all cell potentials fall below 1.4V. The re- 
chargeable alkaline cells, unlike other rechargeable chemis- 
tries, do not require a maintenance charge to keep the cells 
in a fully charged state. The self-discharge rate for the Re- 
newal cells is typically 4% per year at room temperature. 

Charge Status Indication 

Table 1 and Figure 2 outline the vario us c harge ac tion 
states and the associated BATip, CHG, and DONE out- 
put states. The charge status outputs are designed to 
work with individual or tri-color LED indicators. In all 
cases, if the voltage a t the DC pin is le ss than the volt- 
age at the BATip pin, CHG and DONE outputs are held 
in a high-impedance condition. 


Table 1. bq290C 

Operational Summary 

Charge Action 
State 

Conditions 

BATip Input 

CHG 

Output 

DONE 

Output 

DC absent 

Vdc < Vbatip 

- 

Z 

Z 

Charge initiation 

DC applied 

- 

" 

- 

Charge pending/ 
fault 

Vocv < 0.4V 1 or Vccv > 3.0V 2 

- 

y 6 sec = Low 
y 6 sec = Z 

Z 

Charge pulse 

Vocv ^ 1.63V before pulse 

Charge pulsed @ 100Hz per Figure 1 

Low 

z 

Pulse skip 

Vocv > 1.63V before pulse 

Pulse skipped per Figure 1 

Low 

z 

Charge complete 

Average charge rate falls below 
6% of the fast charge rate 

Charge complete 

Z 

Low 


Notes: 1 . Vocv = Open-circuit voltage of each cell between positive and negative leads. 

2. Vccv = Closed-circuit voltage. 
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Charging 

The bq2903 controls charging by periodically connecting 
the DC current source to the battery stack, not to the in- 
dividual battery cells. The charge current is pulsed from 
the internal clock at approximately a 100 Hz rate on the 
BATip pin. 

The bq2903 pulse charges the battery for approximately 
7.5ms of every 10ms, when conditions warrant. The 
bq2903 measures the open circuit voltage (Vocv) of each 
battery cell during the idle period. If a single-cell poten- 
tial of any battery is above the maximum open-circuit 
voltage (Vmax = 1.63V ±3%), the following pulses are 
skipped until all cell potentials fall below the Vmax 
limit. Charging is terminated when the average charge 
rate falls below approximately 6% of the maximum 
charge rate. Once charging is termi nated, t he internal 
charging FET remains off, and the DONE output be- 
comes active per Table 1 and Figure 2. With DC applied, 
the internal discharge FET will always remain on, and 
the DRV output will remain high. 


End-of-Discharge Control 

When DC is less than the voltage on BATip, the bq2903 
is powered by the battery at BATip. In this state, the 
batteries discharge down to the level determined by the 
Vsel pin. The end-of-discharge voltage (Vedv) is selecta- 
ble by connecting the Vsel pin as outlined in Table 2. If 
the voltage across any cell is below the voltage specified 
by the Vsel input, the bq2903 disconnects the battery 
stack from the load by turning the internal discharge 
FET off. The DRV output is also driven low, disabling 
the external FET. After disconnecting power (the bat- 
tery stack) to the load, the standby current in the 
bq2903 is reduced to less than IpA. Typically, higher 
discharge loads (>200mA) should use a lower discharge 
voltage cut-off to maximize battery capacity. 

After disconnecting the battery stack from the load, the 
internal discharge FET remains off, and the DRV output 
remains low until the batteries are replaced or DC is re- 
applied, initiating a new charge cycle. 



DC Valid 



t 

Pending (T) 

Charging ® 

Charge 


Complete 



Notes: 1 . Charging Pending: 0.4 < VocV < 0.4V per cell, VccV > 3.0V per cell. 

2. Charging: 0.4 < VocV< 1.63V, VCCV< 3.0V. 

3. Pulses skipped when Vocv > 1 -63V. 

4. Charge complete when average charge rate falls below approximately 6% of the fast charge rate. 


Figure 2. bq2903 Example of Charge Action Events 
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Table 2. bq2903 EDV Selections 


End-of-Discharge Voltage 

Pin Connection 

1.10V 

Vsel = BATip 

1.00V 

VsEL = Z 

0.90V 

VsEL = Vss 


Number-of-Cell Selection 

Nsel is used to select whether the bq2903 will charge 3 
or 4 cells. Figure 3 shows the proper connection for a 3- 
or 4-cell system. For 4 cell operation, Nsel = BATip. For 
3 cell operation, Nsel = Vss and the BAT 2 N pin should 
be connected to the BAT 3 N pin. 


DRV Pin 

The bq2903 controls battery discharge with two internal 
FETs between LRTN1, LRTN2, and Vss. The current 
through each switch should be limited to 200mA. 
LRTN1 can be tied to LRTN2 for discharge current of up 
to 400mA. To reduce the effective discharge switch resis- 
tance, or for high current loads, the DRV pin can control 
an external N-FET, as shown in Figure 4. DRV is “high” 
when a valid charging voltage is applied to the DC pin 
and remains “high” during discharge. DRV goes “low” 
during discharge to turn off the external FET when an 
end-of-discharge condition is met. This pin should not 
be connected if the external FET option is not used. 


BATi 

BAT 2 

bat 3 

BAT4 


• 

BAT-|p 


nsel 


bat-in 


BAT2N 


BAT 3 n 


vss 


bq2903 


4-Cell 




BAT 1P 


nsel 


bat-in 


BAT2N 


BAT 3 n 

• 

vss 


bq2903 


3-Cell 


FG290301 .eps 


Figure 3. Nsel Connection Diagram 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

DCin 

Vdc 

-0.3 

11.0 

V 


Vt 

DC threshold voltage applied on any 
pin, excluding DC pin 

-0.3 

11.0 

V 


Topr 

Operating ambient temperature 

0 

+70 

°c 

Commercial 

Tstg 

Storage temperature 

-40 

+85 

°c 


Tsolder 

Soldering temperature 

- 

+260 

°c 

10 sec max. 

Idc 

DC charging current 

- 

400 

rnA 


Iload 

Discharge current 

- 

500 

mA 

No external FET 

loL 

Output current 

- 

20 

mA 

CHG, DONE 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 
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DC Thresholds (ta = 25 °c ; vdc =iov> 


Symbol 

Parameter 

Rating 

Tolerance 

Unit 

Notes 

Vmax 

Maximum open-circuit 
voltage 

1.63 

±3% 

V 

Vocv > Vmax inhibits or terminates 
charge pulses 

Vedv 

End-of-discharge voltage 

0.90 

±5% 

V 

VsEL = VSS 

1.00 

±5% 

V 

VsEL = Z 

1.10 

±5% 

V 

Vsel = BATip 

Vflt 

Maximum closed-circuit 
voltage 

3.00 

±5% 

V 

Vccv > Vflt terminates charge, in- 
dicates fault 

Vmin 

Minimum battery 
voltage 

0.40 

±5% 

V 

Vocv < Vmin inhibits charge 

VcE 

Charge enable 

1.40 

±5% 

V 

Vocv < Vce on all cells re-initiates 
charge 


Note: Each parameter above has a temperature coefficient associated with it. To determine the coefficient for 

each parameter, use the following formula: 

co = ParameterRa^* , 0 5mV/ „ c 
1.63 

The tolerance for these temperature coefficients is 10%. 


Timing (ta = 25 °c) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tp 

Pulse period 

- 

10 

- 

ms 

See Figure 2 

tpw 

Pulse width 


7.5 

- 

ms 

See Figure 2 
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DC Electrical Characteristics <ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

VlH 

Logic input high 

Vbatip- 0.1 

- 

Vbatip 

V 

VsEL, NsEL 

VlL 

Logic input low 

Vss 

- 

Vss + 0.1 

V 

VsEL, NsEL 

VOL 

Logic output low 

- 

- 

1.0 

V 

DONE, CHG, 

Iol = 5mA 


- 

0.4 

V 

Iol = 1.0mA, DRV 

VOH 

Gate drive output 

(Greater of 
Vbatip or 
Vdc) - 1.0 

- 


V 

DRV, Ioh = -1.0mA 

IOL 

Output current 

5 

- 

- 

mA 

Vol = Vss + 1.0V, CHG, 
DONE 

1 

- 


mA 

DRV = Vss + 1.0V 

Idc 

Supply current 


35 

250 

pA 

Outputs unloaded, 

V DC = 10.0V 

ISBl 

Standby current 

- 

25 

40 

HA 

Vdc = 0, Vocv > Vedv, 
BATip_3N 

ISB2 

End-of-discharge 
standby current 

- 

- 

1 

HA 

V DR y = 0V, Vdc = 0 

II 

Input leakage 

- 

- 

±1 

HA 

NSEL 

Ioz 

Output leakage in 
high-Z state 

- 

- 

±5 

HA 

CHG, DONE 

Rdson 

Discharge on resistance 


0.5 


Q 

Discharge FETs; 

Vbatip = 2.7V; LRTN1 (pin 9) 
must be tied to LRTN2 (pin 12) 

Iload 

Discharge current with- 
out external N-FET 

- 

- 

400 

mA 

No external FET; LRTN1 
(pin 9) must be tied to 
LRTN2 (pin 12). 

IlL 

Logic input low 

- 

- 

70 

liA 

V= GND to GND + 0.5V, 

VSEL 

IlH 

Logic input high 

-70 

- 

- 

HA 

V = Vdc -0.5 to Vdc, Vsel 

Iiz 

Logic input float 

-2 

- 

2 

pA 

VsEL 

Idc 

DC charging current 

- 

- 

300 

mA 


Vop 

Operating voltage 

2.7 

- 

10 

V 



Note: All voltages relative to Vss. 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

1 

Pin connections 

LRTN1 (pin 9) was LRTN, LRTN2 (pin 12) was 
LRTN 

1 

2 

Functional block diagram 

Updated block diagram 

1 

3 

i 

Pin description 

Added descriptions for LRTN1 and LRTN2 

1 

5 

DRV pin 

Clarified LRTN1 and LRTN2 description 

1 

6 

Application example 

Corrected schematic 

1 

9 

Rdson and Iload specification 

Added notes on LRTN1 and LRTN2 

2 

7 

Topr 

Deleted industrial temperature range 



Notes: Change 1 = May 1999 B changes from July 1996. 

Change 2 = June 1999 C changes from May 1999 B 


Ordering Information 


bq2903 

^ Package Option: 

PN = 14-pin narrow plastic DIP 
SN = 14-pin narrow SOIC 


— Device: 

bq2903 Rechargeable Alkaline Charge/Discharge Controller IC 


10/10 


3-213 





Product Brief EV2903 

bq 2903 Evaluation System 


UNITRODE 


Features 

> bq2903 fast charge control evaluation and develop- 
ment system for rechargeable alkaline batteries such 
as Renewal® from Rayovac® 

> Optional on-board 300mA current-limited charge sup- 

ply 

>- Fast charge of three or four alkaline cells 

> Pulsed charge terminated by minimum current and 
backed up by a maximum voltage safety termination 

>■ Selectable end-of-discharge voltage 

>- Charge status indicator LEDs 

> Datalog capability for charge and discharge currents 
through the serial port of a PC 

General Description 

The EV2903 Evaluation System provides a development 
and evaluation environment for the bq2903 Recharge- 
able Alkaline Charge/Discharge Controller IC. The 
EV2903 incorporates a bq2903, a bq2014 Gas Gauge IC, 
an onboard discharge N-FET, and all other hardware 
needed to charge three or four rechargeable alkaline 
batteries, such as Renewal from Rayovac. 

Fast charge is terminated when the average charge 
rate falls below approximately 3% of the fast charge 
rate. For safety, charging is inhibited if the voltage of 
any cell is greater than 3.0V during charge or if the 
voltage of any cell is less than 0.4V when not charging 




The user provides batteries and DC power supply. The 
user configures the EV2903 for the number of cells 
(three or four), end-of-discharge voltage, and on-board or 
off-board current regulation. 

A full data sheet of this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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EV2903 Schematic (Continued) 






bq2954 


^ UNITRODE 

Lithium Ion Charge Management 1C 
with Integrated Switching Controller 


Features 

> Safe charge of Li-Ion battery 
packs 

> Pulse-width modulation control 
for current and voltage reg- 
ulation 

> Programmable high-side/low-side 
current-sense 

> Fast charge terminated by se- 
lectable minimum current; safety 
backup termination at maximum 
time 

>- Pre-charge qualification detects 
shorted or damaged cells and 
conditions battery 

> Charging continuously qualified 
by temperature and voltage limits 

>- Direct LED control outputs to 
display charge status and fault 
conditions 


Pin Connections 







™[I 

1 

16 

LED2/DSEL 

CHG [2 

2 

15 

2 } LEDi/CSEL 

batQ 

3 

14 

2 ] mod 

VCOMP 

4 

13 

□ Vcc 

ICOMP 

5 

12 

□ Vss 

ITERM [I 

6 

11 

m LCOM 

SNSC 

7 

10 

HI BTST 

TS E 

8 

9 

22 TPWM 


16-Pin Narrow 



DIP or SOIC 





PN295401.eps 


1 0/98 B 


General Description 

The bq2954 Li-Ion Charge-Manage- 
ment IC uses a flexible pulse-width 
modulation regulator to control volt- 
age and current during charging. 
The regulator frequency is set by an 
external capacitor for design flexi- 
bility. The switch-mode design mini- 
mizes power dissipation. 

For safety, the bq2954 inhibits fast 
charging until the battery voltage 
and temperature are within config- 
ured limits. If the battery voltage is 
less than the low-voltage threshold, 
the bq2954 provides low-current 
conditioning of the battery. 

For charge qualifiction, the bq2954 
uses an external thermistor to mea- 
sure battery temperature. Charging 
begins when power is applied or the 
battery is inserted 


Pin Names 

TM Time-out programming 

input 

CHG Charge active output 

BAT Battery voltage input 

VCOMP Voltage loop comp input 

ICOMP Current loop comp input 

ITERM Minimum current 

termination select input 

SNS Sense resistor input 

TS Temperature sense input 


The bq2954 charges a battery in two 
phases. First a constant-current 
phase replenishes approximately 
70% of battery capacity. Then a volt- 
age-regulation phase completes the 
battery charge. 

The bq2954 provides status indica- 
tions of all charger states and faults 
for accurate determination of the 
battery and charge-system condi- 
tions. 


TPWM 

Regulator timebase input 

BTST 

Battery test output 

LCOM 

Common LED output 

Vss 

System ground 

Vcc 

5.0V±10% power 

MOD 

Modulation control 
output 

LEDi/ 

CSEL 

Charge status output 1/ 
Charge sense select 
input 

LED2/ 

DSEL 

Charge status output 2/ 
Display select input 
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Pin Descriptions 

TM Time-out programming input 

Sets the maximum charge time. The resistor 
and capacitor values are determined using 
Equation 5. Figure 10 shows the resistor/ca- 
pacitor connection. 

CHG Charge active output 

An open-drain output is driven low when the 
battery is removed, during a temperature 
pend, when a fault condition is present, or 
when charge is done. CHG can be used to 
disable a high-value load capacitor to detect 
quickly any battery removal. 

BAT Battery voltage input 

Sense input. This potential is generally de- 
veloped using a high-impedance resistor di- 
vider network connected between the posi- 
tive and the negative terminals of the bat- 
tery. See Figures 6 and 7 and Equation 1. 

VCOMP Voltage loop compensation input 

Connects to an external R-C network to sta- 
bilize the regulated voltage. 

ICOMP Current loop compensation input 

Connects to an external R-C network to sta- 
bilize the regulated current. 

ITERM Charge full and minimum current termi- 
nation select 

Three-state input is used to set Ifull and 
Imin for fast charge termination. See Table 4. 

SNS Charging current sense input 

Battery current is sensed via the voltage devel- 
oped on this pin by an external sense-resistor. 

TS Temperature sense input 

Used to monitor battery temperature. An exter- 
nal resistor-divider network sets the lower and 
upper temperature thresholds. (See Figures 8 
and 9 and Equations 3 and 4.) 
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TPWM Regulation timebase input 

Uses an external timing capacitor to ground 
to set the pulse-width modulation (PWM) 
frequency. See Equation 7. 

BTST Battery test output 

Driven high in the absence of a battery in or- 
der to provide a potential at the battery ter- 
minal when no battery is present. 

LCOM Common LED output 

Common output for LEDi-2. This output is 
in a high-impedance state during initiali- 
zation to read programming input on DSEL 
and CSEL. 

Vss Ground 

Vcc Vcc supply 

5.0V, ±10% 

MOD Current-switching control output 

Pulse-width modulated push/pull output used 
to control the charging current to the battery. 
MOD switches high to enable current flow and 
low to inhibit current flow. (The maximum 
duty cycle is 80%.) 

LEDi- Charger display status 1-2 outputs 
LED 2 

Drivers for the direct drive of the LED dis- 
play. These outputs are tri-stated during 
initialization so that DSEL and CSEL can be 
read. 

DSEL Display select input (shared pin with 
LED 2 ) 

Three-level input that controls the LEDi-2 
charge display modes. 

CSEL Charge sense-select input (shared pin 
with LEDi) 

Input that controls whether current is 
sensed on low side of battery or high side of 
battery. A current mirror is required for 
high-side sense. 
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► LEDi 

► LED 2 

► BTST 
* CHG 

► LCOM 



Figure 1. Functional Block Diagram 


Functional Description 

The bq2954 functional operation is described in terms of 
the following (Figure 1): 

■ Charge algorithm 

■ Charge qualification 

■ Charge status display 

■ Configuring the display and termination 

■ Voltage and current monitoring 

■ Battery insertion and removal 

■ Temperature monitoring 

■ Maximum time-out 

■ Charge regulation 

■ Recharge after fast charge 

Charge Algorithm 

The bq2954 uses a two-phase fast-charge algorithm. In 
phase 1, the bq2954 regulates constant current until the 
voltage on the BAT pin, VbAT, rises to the internal 
threshold, VreG- The bq2954 then transitions to phase 2 
and regulates constant voltage (VbAT = Vreg) until the 
charging current falls below the programmed IMIN 
threshold. Fast charge then terminates, and the bq2954 
enters the Charge Complete state. (See Figure 2.) 


Charge Qualification 

The bq2954 starts a charge cycle when power is applied 
while a battery is present or when a battery is inserted. 
Figure 2 shows the state diagram for the bq2954. The 
bq2954 first checks that the battery temperature is 
within the allowed, user-configurable range. If the tem- 
perature is out of range, the bq2954 remains in the 
QUALIFICATION state (SOI) and waits until the battery 
temperature and voltage are within the allowed range. 

If during any state of charge, a temperature excursion 
occurs HOT, the bq2954 proceeds to the DONE state 
(S04) and indicates this state on the LED outputs and 
provides no current. If this occurs, the bq2954 remains 
in the DONE state unless the following two conditions 
are met: 

■ Temperature falls within valid charge range 

■ VBAT falls below the internal threshold, V rcHG 

If these two conditions are met, a new charge cycle be- 
gins. During any state of charge, if a temperature ex- 
cursion occurs COLD, the bq2954 terminates charge and 
returns to the QUALIFICATION state (SOI). Charge re- 
starts if VBAT and temperature are in valid range. 

When the temperature and voltage are valid, the bq2954 
enters the CONDITIONING state (S02) and regulates 
current to IcOND (=IMAX/10). After an initial holdoff pe- 
riod tHO (which prevents the IC from reacting to tran- 
sient voltage spikes that may occur when charge current 
is first applied), the IC begins monitoring VbAT- If VbAT 
does not rise to at least VMIN before the expiration of 
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Vcc "Up" 


Volt Fault: When VgAT > VhcO 

Time Fault: When T = MTO/4 in State S02 orT = MTO in S03a 
Hold Time: A V^qq Fault or State charge held off for 0.740s to 1 ,12s 



Vbat Voltages: 

VRCHG = 1 -92V±0.5V V REG = 2.05V 

VMIN = 1 -50V ± 0.5V V H cO = 2.30V FGbg295401.eps 


Figure 2. bq2954 Charge Algorithm 






1 . I MAX = 1 .OA, Vreg = 4.2V ± 1% PER CELL 

2. MTO = 3 HRS, l FULL = l MAX /5, l TERM = l MAX /10 

3. TEMP = 0-45°C, 

4. Frequency = 200kHz 


2954sch9/23/98 


Figure 3. High-Efficiency Li-Ion Charger for 1-4 Cells 





bq2954 


Table 1 . Normal Fast Charge Cycle 


VBAT -- 

in at 

-- 

Battery 

Absent 

Qualification 

Fast Charge 
Current 
Regulate 

Voltage 

Regulate 

Current 

Taper 

Ifull 

Detect 

Charge 

Complete 

VREG 

'max 

Vmin 

'COND 

'FULL 

IMIN 






/ 

/ 

/ 


-** 

o' 

o' 

/ 

/ 


















1 



Time 


MTO 


Mode 1 

LED1 

Low 

High 

High 

High 

Low 

Low 

(DSEL = 0) 

LED2 

Low 

Low 

Low 

Low 

High 

High 

Mode 2 

■ 

Low 

High 

High 

High 

Low 

Low 

(DSEL = 1) 


Low 

Low 

Low 

Low 

High 

High 

Mode 3 

LED1 

Low 

High 

High 

High 

Low 

Low 

(DSEL = F) 

LED2 

Low 

Low 

Low 

High 

High 

High 

Mode 1 

CHG 

Low 

High 

High 

High 

High 

msm 

and 2 

BTST 

High 

Low 

Low 

Low 

Low 

MEM 


CHG 

Low 

High 

High 

High 

High 

Low 


BTST 

High 

High 

Low 

Low 

Low 

Low 


GR295401.eps 


time-out limit tQT (i.e., the battery has failed short), the 
bq2954 enters the Fault state. Then tQT is set to 25% of 
tMTO- If Vmin is achieved before expiration of the time 
limit, the bq2954 begins fast charging. 

Once in the Fault state, the bq2954 waits until Vcc is cy- 
cled or a new battery insertion is detected. It then starts a 
new charge cycle and begins the qualification process again. 

Charge Status Display 

Charge status is indicated by the LED driver outputs 
LED 1 -LED 2 . Three display modes (Tables 1- 3) are avail- 
able in the bq2954 and are selected by configuring pin 
DSEL. Table 1 illustrates a normal fast charge cycle, Ta- 
ble 2 a recharge-after-fast-charge cycle, and Table 3 an ab- 
normal condition. 
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Configuring the Display Mode, Ifull/Imin, 

and Isense 

DSEL/LED 2 and CSEL/LEDi are bi-directional pins 
with two functions: as LED driver pins (output) and as 
programming pins (input). The selection of pull-up, 
pull-down, or no-resistor programs the display mode on 
DSEL as shown in Tables 1 through 3. A pull-down or 
no-resistor programs the current-sense mode on CSEL. 

The bq2954 latches the programming data sensed on 
the DSEL and CSEL input when Vcc rises to a valid 
level. The LEDs go blank for approximately 400ms (typi- 
cal) while new programming data are latched. 

When fast charge reaches a condition where the charg- 
ing current drops below I FULL, the LED1 and LED2 
outputs indicate a full-battery condition. Fast charge 
terminates when the charging current drops below the 
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Table 2. Recharge After Fast Charge Cycle 
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Table 3. Abnormal Condition 


VBAT -- 

Id ax 

-- 

Battery 

Absent 

Qualification 

Abnormal 

Battery 

vreg 

'MAX 

VMIN 

ICOND 

■min 









s 

s 

— __ _______ 







Time tQj 

Mode 1 

LED1 

Low 

High 

Flash 

(DSEL = 0) 

LED2 

Low 

Low 

Low 

Mode 2 

LED1 

Low 

High 

Low 

(DSEL = 1) 

LED2 

Low 

Low 

Low 

Mode 3 

LED1 

Low 

High 

Low 

(DSEL = F) 

LED2 

Low 

Low 

Low 

wsmm 


Low 

High 

Low 

BTST 


High 

Low 

Low 


Table 4. Ifull and Imin Thresholds 


■term 

■full 

■min 

0 

ImAX/5 

lMAX/10 

1 

lMAX/10 

lMAX/15 

z 

lMAX/15 

lMAX/20 
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minimum current threshold, IMIN- The IFULL and IMIN 
thresholds are programmed using the ItERM input pin 
(See Table 4.) 

Figures 4 and 5 show the bq2954 configured for display 
mode 2 and IFULL = Imax/5 while IMIN = lMAX/10. 

Voltage and Current Monitoring 

In low-side current sensing, the bq2954 monitors the 
battery pack voltage as a differential voltage between 
BAT and pins. In high-side current sensing, the bq2954 
monitors the battery pack voltage as a differential volt- 
age between BAT and Vss pins. This voltage is derived 
by scaling the battery voltage with a voltage divider. 
(See Figures 6 and 7.) The resistance of the voltage di- 
vider must be high enough to minimize battery drain 
but low enough to minimize noise susceptibility. RBI + 
RB2 is typically between 150kQ and IMG. The volt- 
age-divider resistors are calculated from the following: 

RBI _ N * V C ell _ i (1) 

RB2 Vreg 


where 


Vcell = Manufacturer-specified charging cell voltage 
N = Number of cells in series 
Vreg = 2.05V 


The current sense resistor, RsNS (see Figures 6 and 7), 
determines the fast-charge current. The value of RsNS 
is given by the following: 


R 


SNS 


0.25V 

Imax 


(2) 


where ImAX is the current during the constant-current 
phase of the charge cycle. (See Table 1.) 


Battery Insertion and Removal 

VbAT is interpreted by the bq2954 to detect the presence 
or absence of a battery. The bq2954 determines that a 
battery is present when VbAT is between the 
High-Voltage Cutoff (VhCO = Vreg + 0.25V) and 
the Low-Voltage Cutoff (VLCO = 0.8V). When VbAT is 
outside this range, the bq2954 determines that no battery 
is present and transitions to the battery test state, testing 
for valid battery voltage. The bq2954 detects battery re- 
moval when VbAT falls below VlCO- The BTST pin is 
driven high during battery test and can activate an exter- 
nal battery contact pull-up. This pull-up may be used to 
activate an over-discharged Li-Ion battery pack. The VhCO 
limit implicitly serves as an over-voltage charge fault. The 
CHG output can be used to disconnect capacitors from the 
regulation circuitry in order to quickly detect a battery-re- 
moved condition. 


Battery insertion is detected within 500ms. Transition 
to the fast-charge phase, however, will not occur for time 
tHO (approximately one second), even if voltage qualifi- 
cation VmIN is reached. This delay prevents a voltage 
spike at the BAT input from causing premature entry 
into the fast-charge phase. It also creates a delay in 
detection of battery removal if the battery is removed 
during this hold-off period. 

Temperature Monitoring 



Temperature is measured as a differential voltage be- 
tween TS and BAT-. This voltage is typically generated 
by a NTC (negative temperature coefficient) thermistor 
and thermistor linearization network. The bq2954 com- 
pares this voltage to its internal threshold voltages to 
determine if charging is allowed. These thresholds are 
the following: 

■ High-Temperature Cutoff Voltage: VtcO = 0.4 * Vcc 
This voltage corresponds to the maximum temperature 
(TCO) at which charging is allowed. 

■ High-Temperature Fault Voltage: VHTF = 0.44 * Vcc 
This voltage corresponds to the temperature (HTF) at 
which charging resumes after exceeding TCO. 

■ Low-Temperature Fault Voltage: Vltf = 0.6 * Vcc 
This voltage corresponds to the minimum temperature 
(LTF) at which charging is allowed. 

Charging is inhibited if the temperature is outside the 
LTF — TCO window. Once the temperature exceeds 
TCO, it must drop below HTF before charging resumes. 

RT1 and RT2 for the thermistor linearization network 
are determined as follows: 


0.6 * V cc 


V 

x RT1 * (RT2+ R ltf ) 
(RT2 * R ltf ) 


0.44 = 


1 

1 + RT1 * (RT2 + R htf ) 
(RT2 * Rhtf ) 


(3) 

(4) 


where 

RLTF = thermistor resistance at LTF 
Rhtf = thermistor resistance at HTF 

V = Vcc - 0.250 in low-side current sensing 

V = Vcc in high-side current sensing 

TCO is determined by the values of RT1 and RT2. 1% 
resistors are recommended. 
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Low-Side Sense Mode 

FGbq295402LS.eps 


Figure 4. Configured Display Mode 
(Low-Side Sense) 



Low-Side Sense Mode 

FGbq295403LS.eps 



High-Side Sense Mode 

FGbq295402HS.eps 


Figure 5. Configured Display Mode 
(High-Side Sense) 



High-Side Sense Mode 

FGbq295403HS.eps 


Figure 6. Configuring the Battery Divider 
(Low-Side Sense) 


Figure 7. Configuring the Battery Divider 
(High-Side Sense) 




bq2954 



Figure 8. Low-Side Temperature Sensing Figure 9. High-Side Temperature Sensing 


Disabling Temperature Sensing 



Figure 10. R-C Network/Setting MTO 


Temperature sensing can be disabled by placing a lOkO 
resistor between TS and BAT- and a lOkQ resistor be- 
tween TS and VCC- See Figures 8 and 9. 


Maximum Time-Out period (tMTO) is programmed from 
1 to 24 hours by an R-C network on the TM pin (see Fig- 
ure 10) per the following equation: 

tMTO = 500 * R * C (5) 

where R is in ohms, C is in Farads, and tMTO is in hours. 
The recommended value for C is O.IjjF. 

The MTO timer is reset at the beginning of fast charge. 
If the MTO timer expires during the voltage regulation 
phase, fast charging terminates and the bq2954 enters 
the Charge Complete state. If the conditioning phase 
continues for time equal to tQX (MTO/4) and the battery 
potential does not reach VMIN, the bq2954 enters the 
fault state and terminates charge. See Table 3. If the 
MTO timer expires during the current-regulation phase 
(VbAT never reaches Vreg), fast charging is terminated, 
and the bq2954 enters the fault state. 
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Charge Regulation 

The bq2954 controls charging through pulse-width 
modulation of the MOD output pin, supporting both 
constant-current and constant-voltage regulation. 
Charge current is monitored at the SNS pin, and charge 
voltage is monitored at the BAT pin. These voltages are 
compared to an internal reference, and the MOD output 
is modulated to maintain the desired value. The maxi- 
mum duty cycle is 80% . 

Voltage at the SNS pin is determined by the value of re- 
sistor RsNS, so nominal regulated current is set by the 
following equation: 

Imax =Vsns /Rsns (6) 

The switching frequency of the MOD output is deter- 
mined by an external capacitor (CPWM) between the pin 
TPWM and Vss pins, per the following: 


Cpwm 


Where C is in Farads and the frequency is in Hz. A 
typical switching rate is 100kHz, implying CpWM = 
0.00 lpF. MOD pulse width is modulated between 0 and 
80% of the switching period. 

To prevent oscillation in the voltage and current control 
loops, frequency compensation networks (C and R-C 
respectively) are typically required on the VCOMP and 
ICOMPpins. 

Recharge After Fast Charge 

Once charge completion occurs, a fast charge is initiated 
when the battery voltage falls below VRECHG threshold. 
A delay of approximately one second passes before re- 
charge begins so that adequate time is allowed to detect 
battery removal. (See Table 1.) 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

VCC relative to Vss 

-0.3 

+7.0 

V 


Vt 

DC voltage applied on any pin ex- 
cluding Vcc relative to Vss 

-0.3 

+7.0 

V 


Topr 

Operating ambient temperature 

-20 

+70 

°C 

Commercial 

-40 

+85 

°C 

Industrial “N” 

Tstg 

Storage temperature 

-55 

+125 

°C 


TsOLDER 

Soldering temperature 

- 

+260 

°c 

10s max. 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Thresholds (ta = topr; vcc = sv ±10%) 


Symbol 

Parameter 

Rating 

Unit 

Tolerance 

Notes 

VreG 

Internal reference voltage 

2.05 

V 

1% 

TA = 25°C 

Temperature coefficient 

-0.5 

mV/°C 

10% 


VlTF 

TS maximum threshold 

0.6 * Vcc 

V 

±0.03V 

Low-temperature fault 

Vhtf 

TS hysteresis threshold 

0.44 * Vcc 

V 

+0.03V 

High-temperature fault 

VtCO 

TS minimum threshold 

0.4 * VCC 

V 

±0.03V 

Temperature cutoff 

VHCO 

High cutoff voltage 

Vreg + 0.25V 

V 

±0.03V 


VMIN 

Under-voltage threshold at BAT 

1.5 

V 

±0.05V 


VreCHG 

Recharge voltage threshold at BAT 

1.92 

V 

±0.05V 


VLCO 

Low cutoff voltage 

0.8 

V 

±0.03V 


VSNS 

Current sense at SNS 

0.250 

V 

10% 

Imax 

0.025 

V 

i 

10% 

ICOND 
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Recommended DC Operating Conditions (ta=topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

4.5 

5.0 

5.5 

v 


Vtemp 

TS voltage potential 

0 

- 

Vcc 

V 

Vts - VSNS 

Vbat 

BAT voltage potential 

0 

- 

Vcc 

V 


icc 

Supply current 

- 

2 

4 

mA 

Outputs unloaded 

Iiz 

DSEL tri-state open detection 

-2 

- 

2 

HA 

Note 

ITERM tri-state open detection 

-2 


2 

jliA 


VlH 

Logic input high 

VCC - 0.3 

- 

- 

V 

DSEL, ItERM 

Vil 

Logic input low 

- 

- 

Vss + 0.3 

V 

DSEL, CSEL, ItERM 

VoH 

LEDi, LED2, BTST, output high 

Vcc - 0.8 

- 

- 

V 

lOH ^ 10mA 

MOD output high 

Vcc - 0.8 

, - 

- 

V 

lOH ^ 10mA 

VOL 

LEDi, LED2, BTST, output low 

- 

- 

Vss +0.8 

V 

IOL ^ 10mA 

MOD output low 

- 

- 

Vss + 0.8 

V 

IOL ^ 10mA 

CHG output low 

- 

- 

VSS + 0.8 

V 

IOL ^ 5mA, Note 3 

LCOM output low 

- 

- 

Vss + 0.5 

V 

IOL ^ 30mA 

lOH 

LEDi, LED2, BTST, source 

-10 

- 

- 

mA 

VOH =VCC - 0.5V 

MOD source 

-5.0 

- 

- 

mA 

VOH =VCC - 0.5V 

IOL 

LEDi, LED 2 , BTST, sink 

10 

- 

- 

mA 

VOL = Vss + 0.5V 

MOD sink 

5 

- 

- 

mA 

VOL = VSS + 0.8V 

CHG sink 

5 

- 

- 

mA 

VoL = Vss + 0.8V, Note 3 

LCOM sink 

30 

- 

- 

mA 

VOL = Vss + 0.5V 

IlL 

DSEL logic input low source 

- 

- 

+30 


V = Vss to Vss + 0.3V, Note 2 

ITERM logic input low source 

- 

- 

+70 

HA 

V = Vss to VSS + 0.3V 

IlH 

DSEL logic input high source 

-30 

- 

- 

p,A 

V = Vcc - 0.3V to Vcc 

ITERM logic input high source 

-70 

- 

- 

jiA 

V = Vcc - 0.3V to VCC 


Notes: 1. All voltages relative to VSS- 

2. Conditions during initialization after Vcc applied. 

3. SNS = OV. 
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bq2954 


Impedance <ta = topr; vcc = sv ±10%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Rbatz 

BAT pin input impedance 

50 

- 

- 

MD 


Rsnsz 

SNS pin input impedance 

50 

- 

- 

MQ 


Rtsz 

TS pin input impedance 

50 

- 

- 

MQ 


Rprogi 

Soft-programmed pull-up or pull-down 
resistor value (for programming) 

- 

- 

10 

k£2 

DSEL, CSEL 

RPROG2 

Pull-up or pull-down resistor value 

- 

- 

3 

kQ 

Iterm 

Rmto 

Charge timer resistor 

20 

- 

480 

kQ 



Timing <ta = topr; vcc = sv +10%) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tMTO 

Charge time-out range 

1 

- 

24 

hours 

See Figure 10 

tQT 

Pre-charge qual test time-out period 


0.25 * tMTO 

- 

- 


tHO 

Pre-charge qual test hold-off period 

300 

600 

900 

ms 


fPWM 

PWM regulator frequency range 

- 

100 

200 

kHz 

See Equation 7 

dpwM 

Duty cycle 

0 

- 

80 

% 



Capacitance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Cmto 

Charge timer capacitor 


- 

0.1 

HF 

CpWM 

PWM capacitor 

- 

0.001 

- 

pF 
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Data Sheet Revision History 


ChangeNo. 

Page No. 

Description of Change 

1 

All 

“Final” changes from “Preliminary” version 


Note: Change 1 = Oct. 1998 B changes from Nov. 1997 “Preliminary.” 


Ordering Information 


bq2954 


1 — Package Option: 

PN = 16-pin plastic DIP 
SN = 16-pin narrow SOIC 


1 — Device: 

bq2954 Li-Ion Fast-Charge IC 
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Product Brief DV2954S1 L 


UNITRODE 

Li-Ion Charger Development System 

Control of On-Board PNP Switch-Mode Regulator 

with Low-Side Current Sensing 


Features 

> bq2954 fast-charge control evaluation and 
development, based on switching buck converter with 
low-side battery-current sensing 

> On-board configuration for fast charge of 1, 2, 3, or 4 
Li-Ion cells 

> Charge termination by maximum voltage, selectable 
minimum current, or maximum time-out 

> Constant current (up to 1.25A) and constant voltage 
(up to 16.8V) provided by on-board switch-mode 
regulator 

> Jumper-configurable bicolor-LED display 

> Direct connections for battery and thermistor 
>■ Maximum charge time of 5 hours 

General Description 

The DV2954S1L Development System provides a devel- 
opment environment for the bq2954 Lithium Ion Fast- 
Charge IC. The DV2954S1L incorporates a bq2954 and a 
buck-type switch-mode regulator to provide fast charge 
control for 1 through 4 Li-Ion cells. 

Fast charge is preceded by a pre-charge qualification pe- 
riod. 

Fast charge termination occurs on: 

■ Minimum current - Imax divided by 10, 15, or 20 

■ Maximum time-out 

The bq2954 can be reset and a new charge cycle started 
by applicaton of power to the board or battery replace- 
ment. The board automatically initiates a recharge 
when the battery voltage drops to 3.85V per cell. 



The user provides a DC power supply and batteries 
and configures the board for the number of cells, the 
minimum current threshold, and the LED display 
mode. The board has direct connections for the battery 
and the provided thermistor. 

Before using the DV2954S1L board, please review the 
bq2954 data sheet. A full data sheet for this product is 
available on the Unitrode web site, or you may contact 
the factory for one 


10/98 


Rev. C Board 
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DV2954S1 L Product Brief 


DV2954S1 L Board Schematic 
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Product Brief DV2954S1 H 


UNITRODE 

Li-Ion Charger Development System 

Control of On-Board PNP Switch-Mode Regulator 
with High-Side Current Sensing 


Features 

> bq2954 fast-charge control evaluation and 
development, based on switching buck converter with 
high-side battery-current sensing 

>* On-board configuration for fast charge of 1, 2, 3, or 4 
Li-Ion cells 

> Charge termination by maximum voltage, selectable 
minimum current, or maximum time-out 

> Constant current (up to 1.25A) and constant voltage 
(up to 16.8V) provided by on-board switch-mode 
regulator 

> Jumper-configurable bicolor-LED display 

> Direct connections for battery and thermistor 
>- Maximum charge time of 5 hours 

General Description 

The DV2954S1H Development System provides a devel- 
opment environment for the bq2954 Lithium Ion Fast- 
Charge IC. The DV2954S1H incorporates a bq2954 and a 
buck-type switch-mode regulator to provide fast-charge 
control for 1-4 Li-Ion cells. 

Fast charge is preceded by a pre-charge qualification pe- 
riod. 

Fast charge termination occurs on: 

■ Minimum current - Imax divided by 10, 15, or 20 

■ Maximum time-out 

The bq2954 can be reset and a new charge cycle started 
by applicaton of power to the board or replacement of 
the battery. The board automatically initiates a recharge 
when the battery voltage drops to 3.85V per cell. 



The user provides a DC power supply and batteries 
and configures the board for the number of cells, the 
minimum current threshold, and the LED display 
mode. The board has direct connections for the battery 
and the provided thermistor. 

Before using the DV2954S1H board, please review the 
bq2954 data sheet. A full data sheet for this product is 
available on the Unitrode web site, or you may contact 
the factory for one 
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DV2954S1 H Product Brief 


DV2954S1 H Board Schematic 
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UC2906 

UC3906 


y 

mm* UNITRODE 

Sealed Lead-Acid Battery Charger 


[application 

1 

■ INFO 

H available || 


FEATURES 


DESCRIPTION 


• Optimum Control for Maximum 
Battery Capacity and Life 

• Internal State Logic Provides 
Three Charge States 

• Precision Reference Tracks 
Battery Requirements Over 
Temperature 

• Controls Both Voltage and 
Current at Charger Output 

• System Interface Functions 

• Typical Standby Supply Current 
of only 1 .6mA 


The UC2906 series of battery charger controllers contains all of the necessary 
circuitry to optimally control the charge and hold cycle for sealed lead-acid bat- 
teries. These integrated circuits monitor and control both the output voltage and 
current of the charger through three separate charge states; a high current 
bulk-charge state, a controlled over-charge, and a precision float-charge, or 
standby, state. 

Optimum charging conditions are maintained over an extended temperature 
range with an internal reference that tracks the nominal temperature characteris- 
tics of the lead-acid cell. A typical standby supply current requirement of only 
1 .6mA allows these ICs to predictably monitor ambient temperatures. 

Separate voltage loop and current limit amplifiers regulate the output voltage and 
current levels in the charger by controlling the onboard driver. The driver will sup- 
ply up to 25mA of base drive to an external pass device. Voltage and current 
sense comparators are used to sense the battery condition and respond with 
logic inputs to the charge state logic. A charge enable comparator with a trickle 
bias output can be used to implement a low current turn-on mode of the charger, 
preventing high current charging during abnormal conditions such as a shorted 
battery cell. 


Other features include a supply under-voltage sense circuit with a logic output to 
indicate when input power is present. In addition the over-charge state of the 
charger can be externally monitored and terminated using the over-charge indi- 
cate output and over-charge terminate input. 


BLOCK DIAGRAM 


SINK SOURCE COMPENSATION 


C/L 

C/S 

OUT 

C/S + 
C/S - 


+ VlN 


GROUND 


POWER 

INDICATE 


OVER-CHARGE 

TERMINATE 


fVlN 

a CURRENT 
t_^L |M| T 


II m 

LDRIVERJ 
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UC2906 

UC3906 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (+Vin) 40V 

Open Collector Output Voltages 40V 

Amplifier and Comparator Input Voltages -0.3V to +40V 

Over-Charge Terminate Input Voltage -0.3V to +40V 

Current Sense Amplifier Output Current 80mA 

Other Open Collector Output Currents 20mA 

Trickle Bias Voltage Differential with respect to Vin -32 V 

Trickle Bias Output Current -40mA 

Driver Current 80mA 

Power Dissipation at T A = 25°C (Note 2) 1 000m W 

Power Dissipation at Tc = 25°C (Note 2) 2000m W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Note 1: Voltages are referenced to ground (Pin 6). Currents 
are positive into, negative out of, the specified termi- 
nals. 

Note 2: Consult Packaging section of Databook for thermal 
limitations and considerations of packages. 


C/S OUT [T 

C/S - \2_ 

C/S + \W 

C/L [4 

+ Vin [5 

GROUND [6 
POWER 
INDICATE L L 
OVER-CHARGE r- 
TERMINATE 


16j DRIVER SINK 
15] DRIVER SOURCE 
53 COMPENSATION 
13] VOLTAGE SENSE 
12] CHARGE ENABLE 
Tj] TRICKLE BIAS 



fgl OVER-CH ARGE 
P INDICATE 


DIL-16, SOIC-16 (TOP VIEW) 
J or N Package, DW Package 


CONNECTION DIAGRAMS 


PLCC-20, LCC-20 (TOP VIEW) 
Q, L Packages 


/3 

2 1 20 19 



4 

181 

5 

17] 

6 

16] 

7 

151 

8 

141 

9 

10 11 12 13 


PIN FUNCTION 1 

PIN 

N/C 

1 

C/S OUT 

2 

C/S- 

3 

C/S+ 

4 

C/L 

5 

N/C 

6 

+VlN 

7 

GROUND 

8 

POWER INDICATE 

9 

OVER CHARGE TERMINATE 

10 

N/C 

11 

OVER CHARGE INDICATE 

12 

STATE LEVEL CONTROL 

13 

TRICKLE BIAS 

14 

CHARGE ENABLE 

15 

N/C 

16 

VOLTAGE SENSE 

17 

COMPENSATION 

18 

DRIVER SOURCE 

19 

DRIVER SINK 

20 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the 
UC2906 and 0°C to +70°C for the UC3906, +V| N = 10V, T A = Tj. 


PARAMETER 

TEST CONDITIONS 

UC2906 

UC3906 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Supply | 

Supply Current 

+V| N = 10V 


1.6 

2.5 


1.6 

2.5 

mA 

+V| N = 40V 


1.8 

2.7 


1.8 

2.7 

mA 

Supply Under-Voltage Threshold 

+V| N = Low to High 

4.2 

4.5 

4.8 

4.2 

4.5 

4.8 

V 

Supply Under-Voltage 

Hysteresis 



0.20 

0.30 


0.20 

0.30 

V 

Internal Reference (Vref) 

Voltage Level (Note 3) 

Measured as Regulating Level at 

Pin 13 w/ Driver Current = 1mA, 

Tj = 25°C 

2.275 

2.3 

2.325 

2.270 

CO 

C\j 

2.330 

V 

Line Regulation 

+V| N = 5 to 40V 


3 

8 


3 

8 

mV 

Temperature Coefficient 



-3.9 



-3.9 


mV/°C 
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UC2906 

UC3906 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the 
UC2906 and Q°C to +70°C for the UC3906, +V| N = 1 0V, T A = Tj. 


PARAMETER 

TEST CONDITIONS 

UC2906 

UC3906 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Voltage Amplifier 

Input Bias Current 

Total Input Bias at Regulating Level 

-0.5 

-0.2 


-0.5 

-0.2 


HA 

Maximum Output Current 

Source 

-45 

-30 

-15 

-45 

-30 

-15 

M-A 

Sink 

30 

60 

90 

30 

60 

90 

pA 

Open Loop Gain 

Driver current = 1 mA 

50 

65 


50 

65 


dB 

Output Voltage Swing 

Volts above GND or below +Vjn 


0.2 



0.2 


V 

Driver 

Minimum Supply to Source 
Differential 

Pin 16 = +V|n, lo = 10mA 


2.0 

2.2 


2.0 

2.2 

V 

Maximum Output Current 

Pin 16 to Pin 15 = 2V 

25 

40 


25 

40 


mA 

Saturation Voltage 



0.2 

0.45 


0.2 

0.45 

V 

Current Limit Amplifier 

Input Bias Current 



0.2 

1.0 


0.2 

1.0 

pA 

Threshold Voltage 

Offset below +V|n 

225 

250 

275 

225 

250 

275 

mV 

Threshold Supply Sensitivity 

+V| N = 5 to 40V 


0.03 

0.25 


0.03 

0.25 

%/V 

Voltage Sense Comparator 

Threshold Voltage 

As a function of Vref, Li = RESET 

0.945 

0.95 

0.955 

0.945 

0.95 

0.955 

VA/ 

As a function of Vref, Li = SET 

0.895 

0.90 

0.905 

0.895 

0.90 

0.905 

VA/ 

Input Bias Current 

Total Input Bias at Thresholds 

-0.5 

-0.2 


-0.5 

-0.2 


ha 

Current Sense Comparator 

Input Bias Current 



0.1 

0.5 


0.1 

0.5 

HA 

Input Offset Current 



0.01 

0.2 


0.01 

0.2 

pA 

Input Offset Voltage 

Referenced to Pin 2, Iout = 1 mA 

20 

25 

30 

20 

25 

30 

mV 

Offset Supply Sensitivity 

+V| N = 5 to 40V 


0.05 

0.35 


0.05 

0.35 

%/V 

Offset Common Mode Sensitivity 

CMV = 2 V to +V| N 


0.05 

0.35 


0.05 

0.35 

%/V 

Maximum Output Current 

Vout = 2V 

25 

40 


25 

40 


mA 

Output Saturation Voltage 

Iout = 10mA 


0.2 

0.45 


0.2 

0.45 

V 

Enable Comparator 

Threshold Voltage 

As a function of Vref 

0.99 

1.0 

1.01 

0.99 

1.0 

1.01 

VA/ 

Input Bias Current 


-0.5 

-0.2 


-0.5 

-0.2 


pA 

Trickle Bias Maximum Output 
Current 

Vout = +Vin - 3V 

25 

40 


25 

40 


mA 

Trickle Bias Maximum Output 
Voltage 

Volts below +Vin, Iout = 10mA 


2.0 

2.6 


2.0 

2.6 

V 

Trickle Bias Reverse Hold-Off 
Voltage 

+Vin = 0V, Iqut = -1 OpA 

6.3 

7.0 


6.3 

7.0 


V 

Over-Charge Terminate Input j 

Threshold Voltage 


0.7 

1.0 

1.3 

0.7 

1.0 

1.3 

V 

Internal Pull-Up Current 

At Threshold 


10 



10 



Open Collector Outputs (Pins 7, 9, and 10) 

Maximum Output Current 

V 0U t=2V 

2.5 

5 


2.5 

5 


mA 

Saturation Voltage 

Iout = 1.6mA 


0.25 

0.45 


0.25 

0.45 

V 

Iout = 50pA 


0.03 

0.05 


0.03 

0.05 

V 

Leakage Current 

Vqut = 40V 


1 

3 


1 

3 

HA 


Note 3. The reference voltage will change as a function of power dissipation on the die according to the temperature coefficient of 
the reference and the thermal resistance , junction-to-ambient. 
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OPERATION AND APPLICATION INFORMATION 


UC2906 

UC3906 


LLJ 
> 
LU 
I 

( D 
-z. 


Z) 

0 

LU 

cr 

LU 

o 

z: 

LU 

ir 


LU 

cr 



TEMPERATURE - (°C) 


Internal reference temperature characteristic and 


tolerance . 


Dual Level Float Charger Operations 

The UC2906 is shown configured as a dual level float 
charger in Figure 1 . All high currents are handled by the 
external PNP pass transistor with the driver supplying 
base drive to this device. This scheme uses the TRICKLE 
BIAS output and the charge enable comparator to give 


the charger a low current turn on mode. The output cur- 
rent of the charger is limited to a low-level until the bat- 
tery reaches a specified voltage, preventing a high 
current charging if a battery cell is shorted. Figure 2 
shows the state diagram of the charger. Upon turn on 
the UV sense circuitry puts the charger in state 1, the 
high rate bulk-charge state. In this state, once the enable 
threshold has been exceeded, the charger will supply a 
peak current that is determined by the 250mV offset in 
the C/L amplifier and the sensing resistor Rs- 

To guarantee full re-charge of the battery, the charger’s 
voltage loop has an elevated regulating level, Vqc» dur- 
ing state 1 and state 2. When the battery voltage 
reaches 95% of Vqc> the charger enters the over-charge 
state, state 2. The charger stays in this state until the 
OVER-CHARGE TERMINATE pin goes high. In Figure 1, 
the charger uses the current sense amplifier to generate 
this signal by sensing when the charge current has ta- 
pered to a specified level, Iqct. Alternatively the 
over-charge could have been controlle d by an external 
source, su ch as a timer, by using the OVER-CHARGE 
INDICATE signal at Pin 9. If a load is applied to the bat- 
tery and begins to discharge it, the charger will contrib- 
ute its full output to the load. If the battery drops 10% 
below the float level, the charger will reset itself to state 
1 . When the load is removed a full charge cycle will fol- 
low. A graphical representation of a charge, and dis- 
charge, cycle of the dual lever float charger is shown in 
Figure 3. 


Rs 



Figure 1. The UC2906 in a dual level float charger. 
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OPERATION AND APPLICATION INFORMATION (cont.) 


UC2906 

UC3906 








UC2906 

UC3906 


OPERATION AND APPLICATION INFORMATION (cont.) 


Compensated Reference Matches Battery 
Requirements 

When the charger is in the float state, the battery will be 
maintained at a precise float voltage, Vp. The accuracy of 
this float state will maximize the standby life of the battery 
while the bulk-charge and over-charge states guarantee 
rapid and full re-charge. All of the voltage thresholds on 
the UC2906 are derived from the internal reference. This 
reference has a temperature coefficient that tracks the 
temperature characteristic of the optimum-charge and 
hold levels for sealed lead-acid cells. This further guaran- 
tees that proper charging occurs, even at temperature ex- 
tremes. 

Dual Step Current Charger Operation 

Figures 4, 5 and 6 illustrate the UC2906’s use in a differ- 
ent charging scheme. The dual step current charger is 
useful when a large string of series cells must be 
charged. The holding-charge state maintains a slightly el- 
evated voltage across the batteries with the holding cur- 
rent, 1H. This will tend to guarantee equal charge 
distribution between the cells. The bulk-charge state is 
similar to that of the float charger with the exception that 
when Vi 2 is reached, no over-charge state occurs since 
Pin 8 is tied high at all times. The current sense amplifier 
is used to regulate the holding current. In some applica- 


tions a series resistor, or external buffering transistor, 
may be required at the current sense output to prevent 
excessive power dissipation on the UC2906. 

A PNP Pass Device Reduces Minimum Input to Out- 
put Differential 

The configuration of the driver on the UC2906 allows a 
good bit of flexibility when interfacing to an external pass 
transistor. The two chargers shown in Figures 1 and 4 
both use PNP pass devices, although an NPN device 
driven from the source output of the UC2906 driver can 
also be used. In situations where the charger must oper- 
ate with low input to output differentials the PNP pass de- 
vice should be configured as shown in Figure 4. The PNP 
can be operated in a saturated mode with only the series 
diode and sense resistor adding to the minimum differen- 
tial. The series diode, D1, in many applications, can be 
eliminated. This diode prevents any discharging of the 
battery, except through the sensing divider, when the 
charger is attached to the battery with no input supply 
voltage. If discharging under this condition must be kept 
to an absolut e minimum, the sens e divider can be refer- 
enced to the POWER INDICATE pin, Pin 7, instead of 
ground. In this manner the open collector off state of Pin 
7 will prevent the divider resistors from discharging the 
battery when the input supply is removed. 


INPUT 
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Figure 4. The UC2906 in a dual step current charger. 
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OPERATION AND APPLICATION INFORMATION (cont.) 


UJ 
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Z) 
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o 

DC 
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- VlN 
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STATE 1 -H 
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3. ) 

4. ) 

5. ) 
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Rc + Rd ' 


STATE 1: BULK CHARGE 
STATE 2: HOLDING CHARGE 


CHARGER OUTPUT CURRENT 


Figure 5. State Diagram and design equations for the dual step current charger. 


INPUT 

SUPPLY 

VOLTAGE 



Explanation: Dual Step Current Charger 

A. Input power turns on, battery charges at a rate of Ih + 
Imax- 

B. Battery voltage reaches V12 and the voltage loop 
switches to the lower level Vf. The battery is now fed with 
the holding current Ih. 


C. An external load starts to discharge the battery 
D: When Vf 'is reached the charger will supply the full cur- 
rent Imax + Ih- 

E. The discharge continues and the battery voltage reaches 
V21 causing the charger to switch back to state 1 . 


Figure 6. Typical charge cycle: UC2906 dual step current charger 
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UC2909 

UC3909 


Switchmode Lead-Acid Battery Charger 


| application 

1 

1 

INFO 

available || 


FEATURES 

• Accurate and Efficient Control of 
Battery Charging 

• Average Current Mode Control from 
Trickle to Overcharge 

• Resistor Programmable Charge 
Currents 

• Thermistor Interface Tracks Battery 
Requirements Over Temperature 

• Output Status Bits Report on Four 
Internal Charge States 


DESCRIPTION 

The UC3909 family of Switchmode Lead-Acid Battery Chargers accurately 
controls lead acid battery charging with a highly efficient average current 
mode control loop. This chip combines charge state logic with average cur- 
rent PWM control circuitry. Charge state logic commands current or voltage 
control depending on the charge state. The chip includes undervoltage 
lockout circuitry to insure sufficient supply voltage is present before output 
switching starts. Additional circuit blocks include a differential current sense 
amplifier, a 1.5% voltage reference, a -3.9mV/°C thermistor linearization 
circuit, voltage and current error amplifiers, a PWM oscillator, a PWM com- 
parator, a PWM latch, charge state decode bits, and a 100mA open collec- 
tor output driver. 


• Undervoltage Lockout Monitors VCC 
and VREF 


BLOCK DIAGRAM 



1/99 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (VCC), OUT, STATO, ST ATI 40V 


Output Current Sink 0.1 A 

CS+, CS- -0.4 to VCC (Note 1) 

Remaining Pin Voltages -0.3V to 9V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


All currents are positive into, negative out of the specified ter- 
minal. Consult Packaging Section of Databook for thermal limi- 
tations and considerations of packages. 

Note 1: Voltages more negative than -0.4V can be tolerated if 
current is limited to 50mA. 


CONNECTION DIAGRAMS 


DIL-20, (Top View) 

J or N, DW Packages 



rthm \T_ 


20j R10 

VLOGIC [2_ 


j9]0SC 

GND [jT 


li] RSET 

VCC \T 


T7] CS- 

OUT []f 


j6]cs + 

ST AT 1 [6 


jsjcso 

STATO \T 


~u\ CAO 

STATLV \Y 


J3] CA- 

OVCTAP [~9~| 


^2] VA- 

CHGENB [lOj 


Jl] VAO 


LCC-28, PLCC-28 (Top View) 
L, Q Packages 


RTHM- 

VLOGIC- 

NC- 

GND 


-R10 

OSC 

-RSET 


4 3 2 1 28 27 26 


PGND^5 


NC~{ 

VCCM 

OUT! 

STATU 

STAT0-[ 

NC-{ 


25 


HMC 
24 HMC 
23 HMC 
22 }~CS- 
21 ]-CS + 
20 FCSO 
19 HCAO 


STATLV 

OVCTAP 

CHGENB 



CA- 

VA- 

VAO 

NC 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = -40°C to +85°C for 
UC2909; °0C to +70°C for UC3909; C T = 330pF, R S et = 1 1 -5k, R10 = 10k, Rjhm = 10k, V C c = 15V, Output no load, Rstato = 
Rstati = 10k, CHGENB = OVCTAP = VLOGIC, T A = Tj. 


PARAMETER 

TEST CONDITIONS 1 MIN 

TYP 

MAX I UNITS 

Current Sense AMP (CSA) Section 

V| D = CS+ - CS- 

DC Gain 

CS- = 0, CS+ = -50mV; CS+ = -250mV 

4.90 

5 

5.10 

VA/ 

CS+ = 0, CS- = 50mV; CS— = 250mV 

4.90 

5 

5.10 

VA/ 

VoFFSET (Vcso - VcAO) 

CS+ = CS- = 2.3V, CAO = CA- 



15 

mV 

CMRR 

V C m = -0.25 to VCC - 2, 8.8 < VCC < 14 

50 



dB 

V C m = -0.25 to VCC, 14 < VCC < 35 

50 



dB 

VOL 

V tD = -550mV, -0.25V < VCM < VCC-2, 

| 0 = 500pA 


0.3 

0.6 

V 

VoH 

V| D = +700mV, -0.25V < VCM < VCC-2, 
l 0 = -250pA 

5.2 

5.7 

6.2 

V 

Output Source Current 

V| D = +700mV, CSO = 4V 


-1 

-0.5 

mA 

Output Sink Current 

V| D = -550mV, CSO = IV 

3 

4.5 


mA 

3dB Bandwidth 

V| D = 90mV, V CM = 0V 

200 



kHz 


3-245 






UC2909 

UC3909 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for T A = -40°C to +85°C for 
UC2909; °0C to +70°C for UC3909; C T = 330pF, R S et = 11.5k, RIO = 10k, Rjhm = 10k, V C c = 15V, Output no load, Rstato = 
Rstati = 10k, CHGENB = OVCTAP = VLOGIC, T A = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX | UNITS 

Current Error Amplifier (CEA) Section 

Ib 

8.8V < VCC < 35V, Vqrgenb = Vlogic 


0.1 

0.8 

pA 

Vio (Note 2) 

8.8V < VCC < 35V, CAO = CA- 



10 

mV 

Avo 

1 V < VAO < 4V j 

60 

90 


dB 

GBW 

Tj = 25°C, F= 100kHz 

1 

1.5 


MHz 

V 0 L 

l 0 = 250pA 


0.4 

0.6 

V 

VOH 

lo = -5mA i 

4.5 

5 


V 

Output Source Current 

CAO = 4V 


-25 

-12 

mA 

Output Sink Current 

CAO = IV 

2 

3 


mA 

Ica- Itrck_control 

VcHGENB = OND 

8.5 

10 

11.5 

pA 

Voltage Amplifier (CEA) Section 

Ib 

Total Bias Current; Regulating Level 


0.1 

1 

pA 

Vio (Note 2) 

8.8V < VCC < 35V, VCM = 2.3 V, VAO = VA- 


1.2 


mV 

Avo 

1 V < CAO < 4 V 

60 

90 


dB 

GBW 

Tj = 25°C, F= 100kHz 

0.25 

0.5 


MHz 

Vol 

lo = 500pA 


0.4 

0.6 

V 

V 0H 

lo = -500pA 

4.75 

5 

5.25 

V 

Output Source Current 

CAO = 4V 

-2 

-1 


mA 

Output Sink Current 

CAO = IV 

2 

2.5 


mA 

VAO Leakage: High Impedance State 

VcHGENB = GND, STAT0 = 0 & ST ATI = 0, 

VAO = 2.3V 

-1 


1 

pA 

Pulse Width Modulator Section 

Maximum Duty Cycle 

CAO = 0.6V 

90 

95 

100 

% 

Modulator Gain 

CAO = 2.5V, 3.2V 

63 

71 

80 

%/V 

OSC Peak 



3 


V 

OSC Valley 



1 


V 

Oscillator Section 

Frequency 

8.8V < VCC < 35V | 198 

220 

242 | kHz 

Thermistor Derived Reference Section 

V|D= VrthM - Vrio 

Initial Accuracy, VAO (RTHM = 10k) 

V| D = 0, R10 = RTHM =10k (Note 3) 

2.2655 

2.3 

2.3345 

V 

V| D = 0, R10 = RTHM =1 0k, -40°C <T A < 0°C 
(Note 3) 

2.254 

2.3 

2.346 

V 

Line Regulation 

Vcc = 8.8V to 35V 


3 

10 

mV 

VAO 

RTHM = 138k, R10 = 10k 

2.458 

2.495 

2.532 

V 

RTHM = 1 38k, R1 0 = 1 0k, -40°C < T A < 0°C 

2.445 

2.495 

2.545 

V 

RTHM = 33.63k, R10 = 10k 

2.362 

2.398 

2.434 

V 

RTHM = 33.63k, R1 0 = 1 0k, -40°C < T A < 0°C 

2.350 

2.398 

2.446 

V 

RTHM = 1.014k, R10 = 10k 

2.035 

2.066 

2.097 

V 

RTHM = 1 .014k, R10 = 10k, -40°C < T A < 0°C 

2.025 

2.066 

2.107 

V 

Charge Enable Comparator Section (CEC) 

Threshold Voltage 

As a function of VA- 

0.99 

1 

1.01 

VA/ 

Input Bias Current 

CHGENB = 2.3V 

-0.5 

-0.1 


MA 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = -40°C to +85°C for 
UC2909; °0C to +70°C for UC3909; C T = 330pF, R S et = 1 1 -5k, R1 0 = 1 0k, R T hm = 1 0k, V C c = 1 5V, Output no load, Rstato = 
Rstati = 10k, CHGENB = OVCTAP = VLOGIC, T A = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Sense Comparator Section (VSC) 






Threshold Voltage 

STATO = 0, ST ATI = 0, Function of Vref 

0.945 

0.95 

0.955 

VA/ 

STATO = 1 , STAT1 = 0, Function of Vref 

0.895 

0.9 

0.905 

V/V 

Over Charge Taper Current Comparator Section (OCTIC) 

Threshold Voltage 

Function of 2.3V REF, CA- = CAO 

0.99 

1 

1.01 

VA/ 

Input Bias Current 

OVCTAP = 2.3V 

-0.5 

-0.1 


pA 

Logic 5V Reference Section (VLOGIC) 

VLOGIC 

VCC = 15V 

4.875 

5.0 

5.125 

V 

Line Regulation 

8.8V < V C c < 35V 


3 

15 

mV 

Load Regulation 

0 < lo < 10mA 


3 

15 

mV 

Reference Comparator Turn-on Threshold 



4.3 

4.8 

V 

Short Circuit Current 

Vref = 0V 

30 

50 

80 

mA 

Output Stage Section 

Isink Continuous 



50 


mA 

IpEAK 



100 


mA 

VOL 

lo=50mA 


1 

1.3 

V 

Leakage Current 

Vout=35V 



25 

pA 

STATO & STAT1 Open Collector Outputs Section 


Maximum Sink Current 

V 0U T = 8.8V 

6 

10 


mA 

Saturation Voltage 

Iout — 5mA 


0.1 

0.45 

V 

Leakage Current 

Vqut = 35V 



25 

pA 

STATLV Open Collector Outputs Section 


Maximum Sink Current 

Vout = 5V 

2.5 

5 


mA 

Saturation Voltage 

Iout = 2mA 


0.1 

0.45 

V 

Leakage current 

Vqut = 5V 



3 

pA 

UVLO Section 


Turn-on Threshold 


6.8 

7.8 

8.8 

V 

Hysteresis 


100 

300 

500 

mV 

Ice Section 


Icc (run) 

(See Fig. 1) 


13 

19 

mA 

Icc (off) 

VCC = 6.5V 


2 


mA 


Note 2: VIO is measured prior to packaging with internal probe pad. 

Note 3: Thermistor initial accuracy is measured and trimmed with respect to VAO; VAO = VA- 


FIN DESCRIPTIONS 

CA-: The inverting input to the current error amplifier. 

CAO: The output of the current error amplifier which is 
internally clamped to approximately 4V. It is internally 
connected to the inverting input of the PWM comparator. 

CS-, CS+: The inverting and non-inverting inputs to the 
current sense amplifier. This amplifier has a fixed gain of 
five and a common-mode voltage range of from -250mV 
to +VCC. 


CSO: The output of the current sense amplifier which is 
internally clamped to approximately 5.7V. 

CHGENB: The input to a comparator that detects when 
battery voltage is low and places the charger in a trickle 
charge state. The charge enable comparator makes the 
output of the voltage error amplifier a high impedance 
while forcing a fixed IOjuA into CA- to set the trickle 
charge current. 
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PIN DESCRIPTIONS (cont.) 

GND: The reference point for the internal reference, all 
thresholds, and the return for the remainder of the de- 
vice. The output sink transistor is wired directly to this 
pin. 

OVCTAP: The overcharge current taper pin detects when 
the output current has tapered to the float threshold in 
the overcharge state. 

OSC: The oscillator ramp pin which has a capacitor (C T ) 
to ground. The ramp oscillates between approximately 
1 .OV to 3.0V and the frequency is approximated by: 


frequency 


1 

1.2 *C r •Rset 


OUT: The output of the PWM driver which consists of an 
open collector output transistor with 100mA sink capabil- 
ity. 

RIO: Input used to establish a differential voltage corre- 
sponding to the temperature of the thermistor. Connect a 
10k resistor to ground from this point. 

RSET: A resistor to ground programs the oscillator 
charge current and the trickle control current for the oscil- 
lator ramp. 

1 75 

The oscillator charge current is approximately — : — . 

r set 


The trickle control current (Itrck_control) is approxi- 

. . 0.115 

mately . 


RTHM: A 10k thermistor is connected to ground and is 
thermally connected to the battery. The resistance will 
vary exponentially over temperature and its change is 
used to vary the internal 2.3V reference by -3.9mV/°C. 
The recommended thermistor for this function is part 
number LI 005-5744-1 03-D1, Keystone Carbon Com- 
pany, St. Marys, PA. 

STAT0: This open collector pin is the first decode bit 
used to decode the charge states. 
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Figure 1. Ice vs - temperature. 


STAT1 : This open collector pin is the second decode bit 
used to decode the charge states. 

STATLV: This bit is high when the charger is in the float 
state. 

VA-: The inverting input to the voltage error amplifier. 

VAO: The output of the voltage error amplifier. The upper 
output clamp voltage of this amplifier is 5V. 

VCC: The input voltage to the chip. The chip is opera- 
tional between 7.5V and 40V and should be bypassed 
with a 1(iF capacitor. A typical Ice vs. temperature is 
shown in Figure 1. 

VLOGIC: The precision reference voltage. It should be 
bypassed with a 0.1 pP capacitor. 

Charge State Decode Chart 

STAT0 and STAT1 are open collector outputs. The output 
is approximately 0.2V for a logic 0. 
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APPLICATION INFORMATION 

A Block Diagram of the UC3909 is shown on the first 
page, while a Typical Application Circuit is shown in Fig- 
ure 2. The circuit in Figure 2 requires a DC input voltage 
between 1 2V and 40V. 

The UC3909 uses a voltage control loop with average 
current limiting to precisely control the charge rate of a 
lead-acid battery. The small increase in complexity of av- 
erage current limiting is offset by the relative simplicity of 
the control loop design. 

CONTROL LOOP 
Current Sense Amplifier 

This amplifier measures the voltage across the sense re- 
sistor RS with a fixed gain of five and an offset voltage of 
2.3V. This voltage is proportional to the battery current. 
The most positive voltage end of RS is connected to CS- 
ensuring the correct polarity going into the PWM com- 
parator. 

CSO = 2.3V when there is zero battery current. 

RS is chosen by dividing 350mV by the maximum allow- 
able load current. A smaller value for RS can be chosen 
to reduce power dissipation. 

Maximum Charge Current, Ibulk, is set by knowing the 
maximum voltage error amplifier output, Vqh = 5V, the 
maximum allowable drop across RS, and setting the re- 
sistors RG1 and RG2 such that; 

RG1 _ 5 • V RS _ 5 • Vr S _ (1) 

RG2 ~ VLOGIC - CA - ~ 5V - 2.3V ~ 

5 • Vdq 

=1352. 1 Dili is • RS 

27 V 

The maximum allowable drop across RS is specified to 
limit the maximum swing at CSO to approximately 2.0V 
to keep the CSO amplifier output from saturating. 

No charge/load current: Vcso = 2.3V, 

Max charge/load current: V max ( C so) = 2.3V-2.0V = 0.3V 

Voltage Error Amplifier: 

The voltage error amplifier (VEA) senses the battery 

voltage and compares it to the 2.3V - 3.9mV/°C thermis- 
tor generated reference. Its output becomes the current 
command signal and is summed with the current sense 
amplifier output. A 5.0V voltage error amplifier upper 
clamp limits maximum load current. During the trickle 
charge state, the voltage amplifier output is opened (high 
impedance output) by the charge enable comparator. A 
trickle bias current is summed into the CA- input which 
sets the maximum trickle charge current. 


The VEA, Vqh = 5V clamp saturates the voltage loop 
and consequently limits the charge current as stated in 
Equation 1. 

During the trickle bias state the maximum allowable 


charge current (ITC) is similarly determined: 


ITC = 


ItRICK -CONTROL * 
RS* 5 


( 2 ) 


Itrck_control is the fixed control current into CA-. 
Itrck_control ' s 10pA when Rset = 1 1 -5k. See RSET 
pin description for equation. 

Current Error Amplifier 

The current error amplifier (CA) compares the output of 
the current sense amplifier to the output of the voltage 
error amplifier. The output of the CA forces a PWM duty 
cycle which results in the correct average battery current. 
With integral compensation, the CA will have a very high 
DC current gain, resulting in effectively no average DC 
current error. For stability purposes, the high frequency 
gain of the CA must be designed such that the magni- 
tude of the down slope of the CA output signal is less 
than or equal to the magnitude of the up slope of the 
PWM ramp. 

CHARGE ALGORITHM 


Refer to Figure 3 in UC3906 Data Sheet in the data 
book. 


A) Trickle Charge State 

STATO = STAT1 = STATLV = logic 0 

When CHGNB is less than VREF (2.3V - 3.9mV/°C), 
STATLV is forced low. This decreases the sense voltage 
divider ratio, forcing the battery to overcharge (VOC). 


VOC = (VREF) 


(RS J \ + RS2 + RS3 || RS 4) 
(RS3 II RS4) 


( 3 ) 


During the trickle charge state, the output of the voltage 
error amplifier is high impedance. The trickle control cur- 
rent is directed into the CA- pin setting the maximum 
trickle charge current. The trickle charge current is de- 
fined in Equation 2. 

B) Bulk Charge State 

STAT1 = STATLV = logic 0, STATO = logic 1 

As the battery charges, the UC3909 will transition from 
trickle to bulk charge when CHGENB becomes greater 
than 2.3V. The transition equation is 

VJ _ VREF T ^ + RS2 + RS3 1 1 RS4) (4) 

(RS2 + RS3WRS4) 


STATLV is still driven low. 
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VOLTAGE 

SENSE 

COMPARATOR 


VOLTAGE 

EA 



3R 

1 


5V 

OVERCHARGE 

TAPER COMP 


2.3V -j^ 






HIGH=0.95xVREF 
LOW=0.9xVREF " 


PHRFNIR rJL, VREF^-C 

r- — r 

r c 

— 

— 


CHGENB_[^] 

1 

L 


% 

— 

- 



i STATLV RS4 

WV- 

300k 


33 ,? pF OSC r 


Vref (2.3V@-3.9mV/ C) 


r-*-i VLOGIC 


Pin numbers refer to J, N, DW packages. 
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APPLICATION INFORMATION (cont.) 

During the bulk charge state, the voltage error amplifier 
is now operational and is commanding maximum charge 
current (Ibulk) set by Equation 1. The voltage loop at- 
tempts to force the battery to VOC. 

C) Overcharge State 

STATO = STATLV = logic 0, STAT1 = logic 1 

The battery voltage surpasses 95% of VOC indicating 
the UC3909 is in its overcharge state. 

During the overcharge charge state, the voltage loop be- 
comes stable and the charge current begins to taper off. 
As the charge current tapers off, the voltage at CSO in- 
creases toward its null point of 2.3 V. The center connec- 
tion of the two resistors between CSO and VLOGIC sets 
the overcurrent taper threshold (OVCTAP). Knowing the 
desired overcharge terminate current (Ioct)> the resistors 
Rovci and Rovc 2 can be calculated by choosing a value 
of Rovc2 and using the following equation: 

Rqvc\ = 0-851 8) • Iq CT • RS • Rqvc2 (5) 


D) Float State 

STATO = STAT1 = STATLV = logic 1 

The battery charge current tapers below its OVCTAP 
threshold, and forces STATLV high increasing the voltage 
sense divider ratio. The voltage loop now forces the bat- 
tery charger to regulate at its float state voltage (V F ). 

, 6 , 

F V REF ) RS3 

If the load drains the battery to less than 90% of V F , the 
charger goes back to the bulk charge state, STATE 1 . 

OFF LINE APPLICATIONS 

For off line charge applications, either Figure 3 or Figure 
4 can be used as a baseline. Figure 3 has the advan- 
tage of high frequency operation resulting in a small iso- 
lation transformer. Figure 4 is a simpler design, but at 
the expense of larger magnetics. 



UDG-95009 


Figure 3. Off line charger with primary side PWM 
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APPLICATION INFORMATION (cont.) 



Figure 4. Isolated off line charger 
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y 

— UNITRODE 


Switch Mode Lithium-Ion Battery Charger Controller preliminary 


FEATURES 

• Precision 4.1V Reference (1%) 

• High Efficiency Battery Charger Solution 

• Average Current Mode Control from 
T rickle to Over Charge 

• Resistor Programmable Charge Currents 

• Internal State Logic Provides Four 
Charge States 

• Programmable Over Charge Time 

• Fully Differential Switch Mode Current 
Sensing 

• CHG Pin Initiates Charging 


DESCRIPTION 

The UCC3956 family of Switch Mode Lithium-Ion Battery Charger 
Controllers accurately control lithium-ion battery charging with a 
highly efficient average current control loop. This chip is designed to 
work as a stand alone charger controller for a single cell or multiple 
cell battery pack. This chip combines charge state logic and aver- 
age current PWM control circuitry with a 14 bit counter to program 
the over charge time. The charge state logic indicates current or 
voltage control depending on the charge state. The chip includes 
undervoltage lockout circuitry to insure sufficient supply voltage is 
present before output switching starts. Additional circuit blocks in- 
clude a differential current sense amplifier, a 1% voltage reference, 
voltage and current error amplifiers, PWM latch, charge state de- 
code bits, and a 500mA output driver. 


BLOCK DIAGRAM 



J STAT1 
] STATO 


OUT 

GND 


1/98 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage VDD, OUT 20V 

Output Current Sink 

Continuous 120mA 

Peak 600mA 

Output Current Source 

Continuous 120mA 

Peak 600mA 

CS+, CS- 

Voltage -0.5 to VDD 

Current with CS+, CS- less than -0.5 50mA 

Remaining Pin Voltages -0.3V to 6V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into y negative out of the specified termi- 
nal. Consult Packaging Section of Databook for thermal limita- 
tions and considerations of packages. 


CONNECTION DIAGRAM 


DIP-20, SOIC-20 (Top View) 


J or N, DW Packages 

v ; 


chgenb|T 


2o] VA+ 

imin[T 


19] VA- 

cs-[T 


18] VAO 

cs+[T 


17] IBAT 

chg[T 


le] ca- 

ST ATI 


jU CAO 

STAT0[T 


CTO 

ref[T 


T 3 ] RSET 

vdd|T 


17] COSC 

out[io 


TTJgnd 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = -40°C to +85 for UCC2956 and 0°C to +70°C for 
UCC3956, COSC = 500pF, RSET = 70k, CTO = 169nF, VDD = 12V, Ta = Tj. 


PARAMETER I TEST CONDITIONS 1 MIN | TYP | MAX | UNIT 

Current Sense Amplifier (CSA) 

DC Gain 

CS- = 0, CS+ = -50mV and CS+ = -250mV 

4.9 

5 

5.1 

V/V 

CS+ = 0, CS- = 50mV and CS- = 250mV 

4.9 

5 

5.1 

V/V 

CAO 

CS+ = CS- = ov 

1.99 

2.05 

2.11 

mV 

CMRR 

Vcm = 1.1V to 18V, VDD = 18V 

50 

65 


dB 

VOL 

CS+ = -0.2V, CS- = 0.5V, 10 = 1 mA 


0.3 


V 

VOH 

CS+ = 0.5V, CS- = -0.2V, 10 = -500|iA 

3.7 

4.1 

4.4 

V 

Output Source Current 

IBAT = 3V, VID = 700mV 

-500 



pA 

Output Sink Current 

IBAT = 1 V, VID = -700mV 

500 



HA 

3dB Bandwidth 

Vcm = 0V, CS+ - CS- = lOOmV (Note 2) 

0.1 

3 


MHz 

Current Error Amplifier (CEA) 

IB 

8V < Vdd< 18V, CHGENB = REF 


0.1 

0.5 


CA- Voltage 

8V < VDD < 1 8V, CAO = CA- 

1.99 

2.05 

2.11 

V 

AVO 


60 

90 


dB 

GBW 

Tj = 25°C, F= 100kHz 

1 

3 


MHz 

VOL 

10 = 250mA, CA- = 3V 


0.5 


V 

VOH 

10 = -1mA, CA- = 2V 

3.7 

4.1 

4.4 

V 

Ica-, Itrck control 

VCHGENB = GND 

8 

10 

12 

liA 

Voltage Error Amplifier (VEA) 

IB 

Total Bias Current; Regulating Level 


0.5 

3 

mA 

VIO 

8V < VDD < 18V, -0.2 < VCM < 5V 



10 

mV 

AVO 


60 

90 


dB 

GBW 

Tj = 25°C, F= 100kHz 

0.75 

3 


MHz 

VOL 

10 = 500mA, VA- = 3.8V 


0.2 

1 

V 

VOH 

10 = -500uA, VA- = 4.4V 

3.8 

4.1 

4.3 

V 

VAO Leakage 

VCHGENB = GND, STAT0 = 0 and ST ATI = 0, VAO = 2.05V 

-1 


1 

uA 

Pulse Width Modulator I 

Maximum Duty Cycle 

CAO = 0.5V 

85 

92 

100 

% 

Modulator Gain 

CAO = 1.7V, 2.1V 

57 

64 

71 

%/V 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = -40°C to +85 for UCC2956 and 0°C to +70°C for 
UCC3956, COSC = 500pF, RSET = 70k, CTO = 169nF, VDD = 12V, Ta = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

PWM Oscillator (OSC) 

Frequency 

7V< Vdd< 18V 

90 

100 

110 

kHz 

Over Charge Timer (OCT) 

Frequency 

7V<Vdd< 18V (Note 1) 

4.65 

5 

5.35 

Hz 

Reference 

Initial Accuracy 

Tj = 25°C 

4.06 

4.1 

4.14 

V 

Accuracy 

0 < Tj < 70°C, Vdd = 8V to 1 8V 

4.05 

4.1 

4.15 

V 

Load Regulation 

0 < lo < 2mA 


3 

15 

mV 

Accuracy 

-40°C < Tj < 85°C, Vdd = 8V to 1 8V 

4.03 

4.1 

4.17 

V 

Short Circuit 1 

REF = 0V 

8 

20 

30 

mA 

Charge Enable Comparator (CEC) 

Threshold Voltaqe 


1.9 

2.05 

2.15 

V 

Input Bias Current 


-0.5 

-0.2 


liA 

Voltage Sense Comparator (VSC 

! 

Threshold Voltage 

Volts below VA+ 

50 

125 

200 

mV 

Charge Current Comparator (CIC) 

Threshold Voltage 

CS+ = CS- = 0, Function of IBAT = 2.05V 

2 

2.05 

2.1 

v/v 

Input Bias Current 

Total Bias Current; Regulating Level 

-0.5 

-0.2 


uA 

Output Stage 

VOL 

lo = 10mA 


0.1 

0.3 

V 

Voh, Volts Below VDD 

lo = -10mA 


0.1 

0.5 

V 

Rise Time 

Cout = 1 nF 


30 

70 

ns 

Fall Time 

Cout = 1 nF 


30 

70 

ns 

STATO and ST ATI Open Drain Outputs 


Maximum Sink Current 

Vout = 1 2 V 

15 

30 


mA 

VOL 

Iout = 1 mA 


0.1 

0.2 

V 

Charge Control (CHG) 

Threshold Voltage 


1.5 

1.8 

2.1 

V 

Charge Pin Pull Down 
Resistance 



3.0 

5.0 

kQ. 

UVLO Section 

Turn-on Threshold 


6.0 

6.5 

6.75 

V 

Hysteresis 


100 

150 

400 

mV 

IDD | 

IDD (Run) 



5 

8 

mA 

IDD (UVLO) 

Vdd = 5V 


0.25 

0.75 

mA 


PIN DESCRIPTIONS 

CA-: The inverting input to the current error amplifier. 

CAO: The output of the current error amplifier and invert- 
ing input of the PWM comparator. This pin is driven high 
during shutdown. 

CS-, CS+: The inverting and non-inverting inputs to the 
current sense amplifier. This amplifier has a fixed gain of 
5. 

CHG: A rising edge triggered input pin that indicates 
charging. Once the internal 14 bit timer has timed out the 
chip enters its shutdown charge state. At this point CHG 


is pulled low by an internal buffer. Another low to high 
transition is required to reset the timer and restart charg- 
ing. 

CHGENB: The input to a comparator that detects when 
the battery voltage is low and places the charger in 
trickle charge. The charge enable comparator forces the 
output of the voltage error amplifier to a high impedance 
state while forcing a fixed 1 0jnA current into the CA- to 
set the trickle charge. 

COSC: The oscillator ramp pin which has a capacitor 
(COSC) to ground. The ramp oscillates between 0.8V to 
3.2V and the frequency is determined by: 
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PIN DESCRIPTIONS (cont.) 

._ 3.475 

Frequency = - 


(COSC + 20pF) • RSET 


A rising edge on CHG initiates the oscillator. 


CTO: The slow oscillator ramp pin which is used to gen- 
erate a clock signal for the 14 bit timer to program the 
over charge time. A capacitor to ground is charged and 
discharged with equal currents at a frequency pro- 
grammed between 0.75Hz to 5Hz. The ramp oscillates 
between 1 .OV to 3.0V and the frequency is determined 
by: 


Frequency = 


0.06 

CTO* RSET 


RSET: This pin programs the charge current for the oscil- 
lator ramp. The oscillator charge current is determined 
by: 

1.37V 

RSET' 

The trickle control current (ltrck_control) is determined 
by: 

0.68V 

RSET' 

STATO, STAT1 : CMOS open drain binary output decode 
pins indicating the four different charge states. The maxi- 
mum high voltage sense comparator. 


The oscillator operates only while in overcharge. 

GND: The reference point for the internal reference, all 
thresholds, and the return for the remainder of the de- 
vice. 

IBAT: The output of the current sense amplifier. 

IMIN: The minimum charge current programming pin is 
provided to program an optional charge termination in 
addition to the programmable timer. 

OUT: The output of the PWM driver. 

REF: The 4.1V precision reference which should be by- 
passed with a 0.1 (iF capacitor. 


VA-: The inverting input to the voltage error amplifier that 
is used as a battery sense input. It is also the input to the 
voltage sense comparator. The bulk charge state is com- 
pleted and over charge state is initiated when VA- 
reaches 95% of VA+. 

VA+: The non-inverting input to the voltage error ampli- 
fier that is used as the battery charge reference voltage. 

VAO: The output of the voltage error amplifier. The upper 
output clamp of this amplifier is 4.1V. 

VDD: The input voltage of the chip. This chip is opera- 
tional between 6V and 1 8V and should be bypassed with 
a 0.1 jiF capacitor. 


CHARGE STATE DECODE CHART 



ST ATI 

STATO 


Trickle Charge 

0 

0 

CHGENB < 2.05V 

Bulk Charae 

0 

1 

VA- < 95% VA+ and CHGENB > 2.05V 

Over Charae 

1 

0 

VA- > 95% VA+ and Vibat< Vimin 

Over Charge (Top Off) 

1 

1 

Vibat > Vimin 


APPLICATION INFORMATION 

The UCC3956 contains all the necessary control func- 
tions for implementing an efficient switch mode Lithium- 
Ion battery charger. Lithium-Ion batteries are rapidly be- 
coming the battery of choice for rechargeable portable 
and lap top products. When compared to NiCd, NiMH, 
and Lead Acid batteries, Lithium-Ion offer less weight 
and volume for the same energy. Lithium-Ion batteries do 
not suffer from the memory effect found in NiCd batteries. 
This effect, caused by not completely discharging and 
charging a battery, will reduce battery capacity over sev- 
eral charge cycles. Because Lithium-Ion batteries have a 
high average cell voltage of around 3.6V, they can often 
replace 2 to 3 Nickel based cells. 

The advantages that Lithium-Ion batteries offer come at 
the cost of a wide operating voltage. Near zero capacity, 


the cell will typically have a voltage of 2.5V. A fully 
charged cell will typically have a voltage of 4.1V. Unlike 
many so called “smart” or “universal” chargers, the 
UCC3956 is optimized for Lithium-Ion characteristics. In 
order to restore capacity quickly, the chip features both 
constant current and constant voltage modes of opera- 
tion. A programmable over charge time, provided by the 
UCC3956 timer, allows the charger to predictably restore 
1 00% capacity to the battery. 

Charger Operation 

When CHG is transitioned from a low to high logic level, 
the chip will cycle through several charge states. If the 
battery voltage is severely depleted, the charger will be- 
gin in a low current trickle charge state. When the bat- 
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APPLICATION INFORMATION (cont.) 

tery voltage is above a user set threshold, the charger 
will initiate a constant current bulk charge state. Once 
the battery reaches 95% of it’s final voltage, the charger 
will enter an over charge state. During the over charge 
state, the converter will transition from a constant cur- 
rent to a constant voltage mode of operation. Figure 2 
shows typical current, voltage, and capacity levels of a 
Lithium-Ion battery during a complete charge cycle. 

A Block Diagram of the UCC3956 is shown on the first 
page of the data sheet, while Figure 1 shows a typical 
application circuit for a Buck derived switch mode 
charger. The UCC3956 can be used for charging a single 
cell or multiple cells in series. If more than two cells are 
stacked in series, however, a level shifting gate drive will 
be needed to operate the buck switch. The application 
circuit charges a 1200mAh 2 cell stack at a 1C rate. 

Setting the Oscillator Frequency 

The frequency of operation for the converter is set by 
picking values for RSET and COSC. 

fOSC = ^475 

(COSC + 20pF)* RSET 


The UCC3956 is capable of operating at frequencies 
higher than 200kHz. However, the actual operating fre- 
quency of the buck converter will ultimately be deter- 
mined by the usual tradeoffs of size, cost and efficiency. 
The application circuit frequency is set at 100kHz with 
COSC = 180pF and RSET = 162k. 

Trickle Charge State 

When the battery’s voltage is below a predetermined 
threshold, the battery is either deeply discharged or has 
shorted cells. The trickle charge state offers a low charg- 
ing current to bring the battery up above zero capacity. In 
the case of shorted cells, the trickle charge state pre- 
vents the charger from delivering high currents during 
this fault condition. Stacking several cells makes the de- 
tection of a shorted cell more difficult. 

For Lithium-Ion batteries, the trickle charge threshold is 
typically set to a value around 2.5V per cell (this corre- 
sponds to near zero capacity). When the cell voltage is 
below the threshold, only a trickle current will be applied 
to the battery. The threshold is established by program- 
ming CHGENB to 2.05V when the battery (or stack) volt- 
age is at the threshold. Referring to the application circuit 
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of Figure 1 , the trickle charge voltage threshold is deter- 
mined by: 


VTRICKLE_ THRESHOLD = 


RS1 + RS2 + RS3 
RS3 


•2.05 


With a trickle threshold of 5V (for 2 cells) and setting RS3 
to 10k, RS1+ RS2 should be approximately 14.4k. 

The applications circuit trickle charge current is set to 
about 7.5% of the bulk charge current. The current value 
is set by picking the appropriate value for RG1 . Referring 
to the Block Diagram and Figure 1 , during trickle charge 
a fixed current 
0.68 
RSET 

flows out of the current amplifier’s inverting input and into 
RG1. The voltage amplifier output is disabled during 
trickle charge and acts as a high impedance node. The 
resulting voltage at the output of the current sense am- 



plifier sets the trickle charge current. 

RG1 


ITRICKLE = - 


7.5* RSET *RSENSE 


In the application circuit the sense resistor is 0.1 8Q and 
Rset is 162k, for a trickle current of about 90mA a 20k 
resistor is selected for RG1 . 

The converter is typically designed to run in discontinu- 
ous conduction mode during trickle charge. This allows a 


UCC2956 

UCC3956 

reasonably small value of inductance to be used. The av- 
erage current mode of the UCC3956 provides improved 
discontinuous duty cycle control, when compared to 
peak current mode implementations. 

In Figure 2, the trickle charge state corresponds to the 
time interval between to (when CHG is transitioned from 
low to high) and tl . During the trickle charge state STAT0 
and STAT1 are logic level lows. At time tl the trickle 
threshold is met, and the charger transitions to the bulk 
charge state. In many instances, the battery voltage will 
initially be above the trickle threshold. In this case, the 
trickle charge state will not be needed. 

Bulk Charge State 

As the name implies, the bulk charge state is responsible 
for restoring a majority of the charge back into the bat- 
tery. The bulk charge current is determined by the C 
rate and the capacity of the battery. In the application cir- 
cuit, 2 stacked 1 200mAH batteries are charged at a 1C 
rate. This will require 1.2A of current during bulk 
charge. In this case, a fully discharged battery will take 
about 60 minutes to reach approximately 80% capacity. 
Battery packs with a high ESR will typically have a 
shorter bulk period, due to the voltage drop generated by 
the bulk current and the ESR of the battery. 

Both the voltage and current sense amplifiers are en- 
abled during bulk charge. The voltage amplifier is satu- 
rated in this state as the battery voltage is slowly rising, 
but is not yet high enough to drive the voltage amplifier 
into regulation. The output of voltage amplifier is clamped 
at a nominal voltage of 4.1V. The current sense amplifier 
is configured such that its output voltage increases with 
decreasing Rsense current. Rsense should be sized 
such that the output voltage of the current sense ampli- 
fier Vibat is within specification during bulk charge. 

VIBAT(BULK) = 2.05 - 5 • IBULK • RSENSE 

With 1 .2A of bulk current and setting the current sense 
amplifier output at I V, a sense resistor of 0.1 8Q is re- 
quired. As always, power dissipation and converter effi- 
ciency must be considered when choosing Rsense. 

Referring to the Feedback Diagram of Figure 3, the out- 
put of the voltage and current sense amplifiers are 
summed together at the inverting input of the current am- 
plifier. Assuming that the current amplifier is within regu- 
lation, the required value of RG2 can be calculated. The 
application circuit uses a value of 38.3k for RG2, setting 
the bulk current to 1 .2A. 

RG2= 205>RG1 

5* IBULK* RSENSE 

Referring to Figure 2, the bulk charge state corresponds 
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Vref 



Figure 3. Simplified Feedback Diagram udg 96263 1 


to the interval between tl and t2. The step in voltage at 
time tl is caused by bulk current flowing into the battery 
ESR and sense resistor. In the bulk charge state STATO 
is a logic level high and ST ATI is a logic level low. 

Over Charge State 

The over charge state of the converter starts when the 
battery reaches 95% of its final voltage (time t2 of Figure 
2). The over charge state is initiated when the voltage at 
the inverting input of the voltage amplifier is 95% of the 
non-inverting input voltage. Using 95% rather than 100% 
of the final battery voltage assures that the over charge 
timer will always be set, before the battery current tapers 
off. At the beginning of over charge STATO indicates a 
logic level low and STAT1 indicates a logic level high. 

In the application circuit of Figure 1, the voltage at which 
over charge is initiated is set by resistors RSI, RS2 and 
RS3. These resistors are also used to set the trickle 
charge threshold. A 0.1 pF decoupling capacitor is added 
to this node as a filter. The battery (or stack) voltage that 
will initiate the over charge state is: 

VOC THRESHOLD = 0.95 • RS1 + RS2 — « 4.1 

RS2 + RS3 

For a single cell stack, RSI should be 0Q. This results in 
a final battery voltage of 4.1V. It is important not to 
charge a Lithium-Ion battery above 4.2V. When charging 
a battery stack, RSI should be selected to properly set 
the final stack voltage. In the application circuit, RSI is 
selected to be 12.21k and RS2 is selected to be 2.21k. 
This sets the over charge level at 8.2V, while setting the 
trickle charge threshold to about 5 V. 

The battery voltage at the beginning of the over charge 
state may not correspond to the voltage amplifier coming 


out of saturation. Therefore, bulk current may continue in 
the battery during the initial portion of the over charge 
state (see Figure 2). When the voltage amplifier comes 
into regulation, the amplifier’s output voltage will begin to 
decrease. The current sense amplifier’s output voltage 
will need to increase, in order for the current amplifier’s 
inverting input to remain at 2.05V. This will translate into 
a decreasing battery current. The battery current will con- 
tinue to decrease as the battery approaches 100% ca- 
pacity. 

Although the bulk charge state restores a majority of the 
capacity to the battery, the over charge state will typically 
take a majority of the charge cycle time. The bulk charge 
state will usually take 1/3 of the total charge time, while 
the over charge state will take the remaining 2/3. Differ- 
ent methods are used to terminate the charge of 
Lithium-Ion batteries. Many chargers use a current 
threshold to terminate charge. While this method is sim- 
ple to implement, the current tail near the end of charge 
is often quite flat (see Figure 2). To make matters worse, 
the current level versus battery capacity may differ from 
cell to cell. This makes it difficult to accurately terminate 
at 100% capacity. In order to avoid the possibility of over 
charging the battery, the design may require termination 
at a higher current level (before 100% capacity is 
reached). A more predictable method of charge termina- 
tion is to use a fixed over charge time. 

The UCC3956 provides both a current level detection as 
well as a timer. In a typical design, the current level de- 
tection is used to give an indication of near full charge. In 
Figure 2 this occurs at time t4. This indication is useful 
since the time to charge from t4 to t5 may be quite long. 
Since Lithium-Ion batteries have no memory effect, there 
is little reason to have the user wait for the battery to be 
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100% charged. If the battery is not taken from the 
charger at time t4, the charger will continue charging. 
The timer will expire and the charge cycle will terminate 
at time t5. 


A typical value of current used to indicate near full 
charge is 1/10 of the bulk current value. This current level 
is established by setting the appropriate voltage on IMIN. 
IMIN is tied to an internal comparator along with the out- 
put of the current sense amplifier. When the current 
sense amplifier voltage becomes greater than the voltage 
on IMIN, the internal state machine indicates near full 
charge by setting STATO and STAT1 to logic level 
highs. In the application circuit of Figure 1 , resistors RS4 
and RS5 determine the voltage at IMIN. With RS4 at 1 1 k 
and RS5 at 10k, near full charge is indicated at 120mA. 


VIMIN = 4.1 • 


RS5 

RS4 + RS5 


INEAR_FULL = 


2.05- VIMIN 
5 • RSENSE 


The UCC3956 timer has a 14 bit counter that allows long 
over-charge times with reasonable component values. 
As stated above, the charger will continue charging the 
battery until the timer expires (unless the battery is pulled 
from the charger). Referring to Figure 2, the timer starts 
at time t2 and expires at time t5. The frequency of the 
timer can be determined as follows: 


fTIMER = 


0.06 

RSET • CTO 


With a 14 bit counter the time-out period in minutes be- 
comes: 


TIMEOUT = 4550 • CTO • RSET 


In the application circuit, a value of 0.15jaF is used for 
CTO to give 120 minutes of overcharge (more than twice 
the bulk charge time). When the timer expires, CHG is 
pulled low by an internal buffer and the charge cycle ter- 
minates. If tied to a bi-directional port, CHG can be read 
by a microprocessor. 

Inductor Sizing 

For good efficiency, the inductor should be sized to give 
continuous current in the bulk charge state. For a buck 
converter, duty cycle in continuous mode is given by: 

_ VBATTERY + VSCHOTTKY 
VINPUT + ySCHOTTKY 


4 • (VI N PUT - VBAT) • D 
IBULK • fOSC 


A 150jiH inductor is used in the application circuit. 


Current Control Loop 

The UCC3956 features an outer voltage loop and an in- 
ner average current loop. The virtues of average current 
mode control are well documented in Reference [1]. A 
simplified block diagram of the feedback elements is pro- 
vided in Figure 3. The network for the current amplifier 
could be as simple as a single capacitor, providing a 
dominant pole response, which may be adequate for a 
battery charger application. The current amplifier network 
of Figure 3 provides improved transient performance. 
The component values for CF3, CF4, and RF4 will be se- 
lected to give a constant gain from approximately 
fosc/10 to fosc. At frequencies below fosc/10, the net- 
work gain will increase at 20dB/decade, giving a high DC 
gain. The network will attenuate at 20dB/decade above 
the switching frequency, giving noise immunity. 


A feedback design that optimizes transient response will 
have the amplified inductor current down-slope approach 
the PWM saw-tooth slope [1]. This occurs by designing 
the total loop gain to cross unity at 1/3 to 1/6 of the 
switching frequency. The applications circuit is designed 
to cross unity gain at 1/10 of the switching frequency 
(10kHz), with a 12V nominal input. The power stage 
small signal gain can be approximated by: 


GPOWER_ STAGE = 


VIN* RSENSE 
SL + RSENSE + ESR 



FREQUENCY 


Allowing a 25% ripple in the bulk current will give a rea- 
sonable value of inductance. The inductor value can be 
calculated as follows: 
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Figure 4a. Current Loop Power Stage 
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Figure 4b. Current Loop Total Gain and Phase 



Figure 5a. Voltage Loop Power Stage Gain 


Referring to Figure 3, the current sense amplifier pro- 
vides a gain of 5, an inverting stage adds a gain of 1 .5, 
and the modulator has a gain of 0.64; adding a fixed gain 
of 4.8 to the power stage. The current amplifier’s gain be- 
tween fosc/10 and fosc is equal to RF4 divided by the 
parallel combination of RG1 and RG2 times the resistive 
divider RG2/(RG1+RG2), simplifying to: 


RF4 is selected to be 15k, resulting in a 10kHz crossover 
frequency. Once RF4 is determined, CF3 and CF4 can 
be selected to give corner frequencies at fosc/10 and 
fosc respectively. 


2 • 7u • fOSC • RF4 


CF4 = 


10 

2 • 7i • fOSC • RF4 


In the applications circuit, a value of lOOpF is used for 
CF3 and I.OnF is used for CF4. Figure 4a shows the 
power stage gain and feedback network gain for the cur- 
rent loop. Figure 4b shows the total open loop gain and 
phase. 

Adding the Voltage Control Loop 

The voltage loop comes into regulation during the over- 
charge period of operation. The output of the voltage am- 
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Figure 5b. Voltage Loop Total Gain and Phase 


plifier begins to decrease, demanding less current to the 
battery. With the current loop closed, the power stage 
gain of the voltage loop is equal to 1/(5*Rsense) out to 
the crossover frequency (10kHz). In order to avoid inter- 
actions with the current loop, the voltage loop will cross 
unity at 2kHz. The voltage loop is attenuated by the di- 
vider RG1/(RG1+RG2). A single pole network is added 
to the voltage amplifier, giving a high gain at DC. Refer- 
ring to Figure 3, the voltage amplifier gain is equal to the 
impedance of CF1 divided by RSI. A 2.2nF capacitor will 
give a total crossover frequency near 2kHz. Figure 5a 
shows the gain of the power and feedback stages for the 
voltage loop. Figure 5b shows the total gain and phase of 
the voltage loop. 
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u-504 Using the bq2000/T 

to Control Fast Charge 


Introduction 

The bq2000/T are programmable, monolithic ICs for 
fast-charge management of nickel cadmium (NiCd), nickel 
metal-hydride (NiMH), and Hthium-ion (Li-Ion) batteries in 
single- or multi-chemistry applications. This application 
note discusses simple ways to select all necessary compo- 
nents to implement various switch-mode topologies. It also 
discusses how to configure the bq2000/T inputs to accom- 
modate different application concerns. Please review the 
bq2000 and bq2000T data sheets before using this applica- 
tion note. 

Basic Charge-Control Operation 

Charge Initiation 

The bq2000/T initiates a charge on either (1) power-up or 
(2) excursion at the BAT input from above a Vrch thresh- 
old to below it. The Vrch threshold is below the thresh- 
old of voltage regulation, Vmcv, and therefore does not 
initiate charge of a “full” Li-Ion battery. This feature is es- 
pecially useful if cell polarization is taken into account 
because the battery voltage decays to a lower value fol- 
lowing fast charge. 

Configuring the BAT Input 

The BAT input to the bq2000/T is the input to an A/D 
converter with a resolution of about 3mV. A/D measure- 
ment is performed only when the timing oscillator and 
current regulator have been switched off. The BAT input 
has the following four voltage thresholds: 

1. Vlbat (approximately 1.0V) is the minimum quali- 
fied input voltage to initiate full current to the bat- 
tery at the start of fast charge. Below this level, the 
bq2000/T follows its pulse-trickle algorithm. This 
arrangement enables it to “wakeup” a pack protec- 
tor in a Li-Ion pack or trickle up a deeply dis- 
charged nickel-based chemistry pack. 

2. Vrch (1.9V) is the battery replacement threshold. 
As described above, an excursion through this 
threshold triggers battery replacement and 
reinitiates of fast charge. 

3. Vmcv (2.0V) is the threshold of voltage regulation. 
Above this level, the MOD output is forced low, re- 
gardless of the condition of the SNS input, resulting 
in a pulsed current regulation similar in operation 
to a bang-bang type voltage regulator. When the 
BAT input voltage exceeds 2.0V more than 85% of 
the time, charge is terminated. 

i/ii 


4. Vslp is the sleep-mode threshold and approxi- 
mately 1.0V below Vcc. If the BAT input is driven 
to this threshold, power to the IC is turned off and 
the MOD output is driven low. This threshold is in- 
ternally provided for implementations in which the 
IC must remain connected to the battery when 
charge power is removed. Under this sleep mode, 
the IC draws IpA or less. 

The operation of these four thresholds determines the fol- 
lowing design guidelines for configuring the BAT input 

To charge a fixed number of nickel-based cells, the BAT 
input is configured for the voltage of a single cell. Thus 
for an N-cell pack the resistor ratio of the divider is 
(N-l):l. See Figure 1. This configuration assures a 3mV 
PVD sensitivity for fast charge, which is an excellent ter- 
mination criterion for NiMH cells and good for most 
NiCd cells. Of course the total divider network repre- 
sents a load on the battery when power is not present 
and is sized accordingly. Also, the BAT input must not be 
driven with more than 20pA in the absence of power. 
(This is the permissible limit for the substrate diode that 
clamps this input to Vcc.) 



Figure 1. Battery Voltage Divider for 
Nickle Chemistry — Single Pack 


Charging multi-cell packs of nickel-based chemistry and 
some high-capacity NiCd packs often requires compress- 
ing the batteries’ signal voltage into the range of the A/D 
converter to accommodate the cell range or to require a 
steeper negative slope on the battery as a criterion of ter- 
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mination. This compression is accomplished by a single 
additional resistor in the divider chain from the battery, 
Ri. See Figure 2. This extra resistor adds offset to the 
battery-divider voltage, allowing a larger voltage excur- 
sion on the battery for a smaller excursion at the BAT in- 
put. The fixed in-circuit voltage to which this additional 
resistor is tied is Vcc. 

The design procedure for the varying pack size is as fol- 
lows: 

1. Determine the difference between the end-of-charge 
voltage for the maximum number of cells and the 
start-of-charge voltage for the minimum number of 
cells. This signal, which must be compressed into 
the A/D voltage window of 1-2V, is Vexcursion. For 
a IV window, the gain of the divider network is sim- 
ply 1/Vexcursion- 

2. Determine the offset, Voff, from one of the end- 
point equations by substituting the gain calculated 
in step 1. The minimum condition is expressed by 
the equation 

(Vbat - Voff) * ( | + Voff = 1 

V Vexcursion ) 

Substituting the minimum battery voltage for 
Vbat and Solving for Voff gives the voltage that 
would appear at the BAT input in the absence of 
the battery. 

3. Choose a suitable resistor divider from Vcc to GND 
to establish this offset voltage. 



Figure 2. Battery Voltage Divider for 
Nickle Chemistry — Multi-Pack or 
High-Capacity NiCd 


4. Implement the gain function by determining the 
equivalent resistance of the parallel combination of 
the offset setting resistors, Req, and setting 

Rbat = (Vexcursion - 1) * Req 

where Rbat is the resistor connected between BAT+ and 
the offset point. See Figure 2. 

For high-capacity packs, the goal is to increase the per- 
cell negative voltage excursion, which will serve as a cri- 
terion of fast-charge termination. Note: Throughout this 
application note, the expression PVD is often equated 
with -AV. Although some think of these as different ter- 
mination criteria, they are actually two ways of saying 
the same thing. For a voltage to qualify as a “peak”, a 
subsequent measurement must be less than this “peak” 
measurement by a discernable amount. Since no circuit 
can anticipate a subsequent reading, the peak voltage de- 
tection occurs upon measuring a subsequent voltage that 
is discernibly less than the maximum voltage measured 
to that point in time. In the case of the bq2000/T this sen- 
sitivity is -3.8mV, leading to the parallel drawn between 
PVD and -AV, as the later is usually just a less sensitive 
PVD. The desensitization is accomplished by compressing 
the total battery voltage excursion during charge into a 
fraction of the A/D voltage window at the BAT input to 
the bq2000/T. This design procedure is as follows: 

1. Determine the multiplier of the peak voltage sensi- 
tivity desired for the battery. A typical desired -AV 
value for high-capacity cells is -15mV The multi- 
plier is then (-15mV/-3.8mV) or about 4. The gain 
is then determined to be 1/(4 * N), where N is the 
number of cells. 

2. The offset is determined from the goal of having the 
maximum battery voltage correspond to the maxi- 
mum input voltage. In this example, the resulting 
offset is (6 * N)/(4 * N-l), where N is the number of 
cells. This offset is established at BAT by choosing 
a resistive divider from Vcc to GND. These resis- 
tors correspond to resistors Ri and R2 as shown in 
Figure 2. 

3. A third resistor, Rbat, is chosen to establish the 
proper gain with respect to the parallel combina- 
tion of resistors Ri and R2 represented by Req. In 
the example used in step 1, the gain was 1/4N. This 
is achieved by setting Rbat = Req * (4N-1). 

Finally, Li-Ion batteries can be charged at a constant cur- 
rent only until their characteristic regulation voltage is 
reached. The bq2000/T accommodates this restriction by 
regulating the voltage at the BAT input to 2V. The bat- 
tery resistive divider should ensure that the BAT input 
reaches its regulation voltage when the battery reaches 
its characteristic regulation voltage. See Figure 3. 
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Figure 3. Voltage Regulation Battery Di- Figure 4. Voltage Regulation 

vider for Multi-chemistry Applications Battery Divider 


The safest way to design for multi-chemistry packs is to 
add a mechanical connection to the nickel-based chemis- 
try packs, constituting an additional battery negative 
connection. The default Li-Ion resistive divider is attenu- 
ated by a resistor in the charger, which connects to this 
point when a nickel battery is installed, but which floats 
when a lithium battery is installed. This fail-safe mecha- 
nism is normally required by cell ratios of 1 lithium to 3 
nickel. See Figure 3. 

NiMH batteries rarely exceed 1.6V per cell at charge 
rates consistent with lithium cells. Therefore, the single 
divider network as shown in Figure 4 is acceptable for 
cell ratios of 2 lithium to 5 NiMH, as long as the maxi- 
mum charge voltage of the nickel-based pack is below 
that of the Li-Ion pack. This design is not recommended 
for NiCd batteries, however, as they will often achieve 
voltages in excess of 1.8V/cell, especially toward the end 
of cycle life. If the nickel-based chemistry cells do reach 
the regulation voltage during charge, they usually termi- 
nate only for maximum time or temperature with the 
bq2000. The bq2000T is the safest choice for the 2:5 ratio, 
because it relies on AT/At as the primary means to termi- 
nate nickel-based chemistries. Ratios of 2 lithium to 4 
nickel normally fit comfortably within the charge window 
for their useful lives, for either voltage-based or 
temperature-based termination. 
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Configuring the SNS Input 

If the SNS input is within ±50mV of the bq2000/T ground 
(Vss), the MOD output is fully enabled. If the SNS input 
is greater than 50mV (Vsnshi) or less than -50mV 
(Vsnslo) compared to the ground of the bq2000/T, then 
the MOD output is driven low. Since battery and temper- 
ature voltages are always measured with respect to 
ground, the user can take advantage of this feature to im- 
plement both high-side and low-side current sense regu- 
lators. If no control of MOD is desired, the SNS pin can 
be grounded and the MOD output used only to switch an 
external current source on or off. The control feature 
makes it possible to configure the SNS input to provide 
either linear or switching regulation of charge current. 
Furthermore, frequency is most dependent on filter com- 
ponents and hysteresis-setting capacitance and only 
slightly dependent on power component values. This 
characteristic makes it possible to “slave” the circuit to 
an external oscillator of fixed frequency. 

Low-Side Sensing 

For low-side sensing applications, the sense resistor is 
placed in the path between the battery’s negative termi- 
nal and power supply ground. See Figure 5. The battery’s 
negative terminal becomes the signal ground for the 
bq2000/T. Signals and power applied to the bq2000/T are 
capacitively decoupled and referenced to this point. The 
resistor selected should have a value equal to 50mV di- 
vided by the desired charge current. Thus, at a current of 
1A, the sense resistor is 50mD. Some applications may 
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find the resulting sense resistor too small to be practical. 
These are easily accommodated by making the sense volt- 
age presented to the bq2000/T a suitable fraction of the 
sense current. In the 1A example, the sense resistor can 
be made to be 0.10 provided the voltage across the sense 
resistor is divided between two equal resistors at its pre- 
sentation to the SNS input. The application however, 
must also be able to tolerate the higher voltage on the 
sense resistor. 

As suggested from the above, the voltage on the sense re- 
sistor is presented to the SNS input through a resistance 
that forms part of a filter. The rest of the filter is a capac- 
itor that decouples the SNS input from the Vss of the 
bq2000/T. When the user is content with a sense voltage 
of 50mV, the SNS input is connected to the power supply 
ground at the grounded terminal of the sense resistor 
through a resistor sized for the desired operating fre- 
quency. See Figure 5. An exact expression for the sizes of 
the capacitive and resistive components involves the si- 
multaneous solution of two very complex equations. A few 
simplifying assumptions, however, can allow most users 
to bound their operating frequencies to within about 5%. 

The six values that determine operating frequency are in- 
put voltage Vin, inductance L, sense resistor Rsns, filter 
resistance Rf, filter capacitance Cf, and hysteresis capaci- 
tor Chys- Input voltage is given. The sense resistor con- 
verts the current waveform in the inductor to a voltage 
waveform for presentation to the SNS input. Low detec- 
tion voltage, while requiring low-valued resistors to sense 
current, makes possible the sharing of resistors between 
a charger and gas gauge IC. The hysteresis capacitor and 
SNS input filter components have the most influence on 


operating frequency. The hysteresis capacitor is 
connected from the MOD output to SNS input directly; 
however, the voltage hysteresis is attenuated by the ratio 
between the two capacitors. Since the MOD output 
swings 5V, the SNS input moves by the ratio 5V * 
ChysAChys + Cf). This injected hysteresis is of 5-25mV 
for best results. Below is a simplified design procedure: 

1. Select the desired maximum operating frequency F. 
This is the frequency of operation when the output 
voltage is exactly half the input voltage. At duty cy- 
cles of 75% or 25%, the frequency is 75% of this 
value. 

2. Choose Chys = 4.7pF to minimize the capacitive 
load on the MOD output. 

3. Choose 

Rf * Cf = 1 . 

(4 * F) 

This reduces exponential functions to constants in 
the equations relating all the values. Choose Cf 
for the desired hysteresis level, and then calculate 
Rf from the above relation. 

4. Calculate the inductor value L from the relation- 
ship below: 

_ Vin * Rsns * Rf * C 2 f * Vcc 

Chys * (57.87V) 

The constant in the denominator results from the 
dimensionless exponential functions. Consider the exam- 
ple below: 

Battery is 5-NiMH cells. 

Vjn = 12V I = 1A Rgjsjg — 0.05Q 
Fmax = lOOKHz Cjjyg = 4.7pF 

Choose C F = 2200pF for a hysteresis of 10.7mV 
(approximately 20% of the 50mV signal). R F = 1.1K 
from 3 above. 

Then L = 58pH. The actual current ripple at this 
frequency is 25%, 5% of this is due to the phase 
delay through the filter. Since it is desirable to keep 
the ripple current large to keep the inductor small, 
the assumption made in 3 above is a good rule of 
thumb. For a smaller ripple current, increase the 
size of the capacitive filter staying at or below 
4700pF. For a larger ripple, diminish the size of C F 
staying at or above lOOOpF. The inductor changes 
in value accordingly. 
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Figure 6. Voltage-to-Current Converter 
Design for High-Side Sensing 


High-Side Sensing 

High-side sense requires that the sense resistor be placed 
in the circuit between the switching inductor and the 
battery positive terminal. From there, the signal must be 
translated down to the SNS input to the bq2000/T. While 
this translation may seem difficult at first, the AC signal 
integrity needs to be good only about the regulation point. 
This limitation makes a three transistor voltage mirror 
possible. See Figure 6. One transistor of NPN polarity 
provides constant-current bias to a diode-connected PNP 
transistor with the sense resistor in its emitter. A second 
PNP transistor with a suitably large emitter resistor is 
connected in parallel with the diode connected PNP and 
sense resistor, but with its collector open. This collector 
drives the filter resistor Rf to the regulation voltage 
above ground. In this case, the Vss of the bq2000/T is it- 
self connected to power ground, and all signals and power 
are decoupled to power ground. The filter capacitor Cf is 
connected in parallel with Rf in this case. The last re- 
maining difficulty is providing the hysteresis signal from 
MOD as in this case the signal output from MOD must be 
inverted to properly drive the SNS input. Most 
buck-mode switching regulators have such an inversion 
in the circuit that can be conveniently capacitively cou- 
pled to the SNS input. Failing that, it is possible to add a 
single inverter to the circuit such as a TC7S04F. See Fig- 
ure 7. Such a single-gate circuit is necessary in synchro- 
nized battery-charger designs. 
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Figure 7. Current-Sensing Circuit — 
High Side 


Synchronizing the bq2000/T to 
a Fixed Oscillator 

Synchronizing the bq2000/T is actually quite simple. 
First, design the filter components and choose the induc- 
tor for a maximum operating frequency below the desired 
frequency for synchronizing the bq2000/T. The big differ- 
ence between configuring for synchronization or for 
high-side or low-side sensing is that the hysteresis capac- 
itor in synchronization is not connected directly to the 
MOD output, but rather to the output of either a single 
AND gate in the case of low-side sensing or to the output 
of a NAND gate in the case of high-side sensing. One of 
the inputs to the gate is MOD and the other is the de- 
sired synchronizing frequency. Possible single-gate de- 
vices are the TC7S00FU and the TC7S08FU. See Figure 
8 . 

Configuring the TS Input 

The TS input to the bq2000/T is characterized by three 
operational thresholds that determine qualification and 
termination conditions. The thresholds on the TS input 
are all ratiometric to the power supply. This design al- 
lows resistor biasing to Vcc and Vss of a single negative 
temperature coefficient (NTC) thermistor with consistent 
temperature thresholds at any operating voltage as 
shown in Figure 11. We recommend a filter capacitor at 
this input of no more than O.OlpF, combined with a 
lOOkD resistor, to prevent noise terminations at elevated 
operating temperatures. 
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Lowside 



Figure 8. Synchronization Circuit for Low- and High-Side Designs 


The following are descriptions of the three thresholds: 

1. Vltf set at 0.5 * Vcc is the cold temperature/pause 
threshold. At voltages above this threshold, the 
bq2000/T pulse-trickles and flashes the LED pin to 
indicate that the bq2000/T is in the pause or inhibit 
mode. This process suspends fast charge in progress 
by freezing the contents of elapsed-time counters, 
defeating all termination algorithms and resetting 
all data-gathering. When restored to a normal oper- 
ating range, the bq2000/T resumes a suspended 
fast charge or top-off in progress but rebuilds dis- 
carded historical data before the fast-charge termi- 
nation algorithms can take effect. 

2. Vhtf set at 0.25 * Vcc is the maximum starting 
temperature threshold. If fast charge starts at in- 
put voltages below this threshold on the TS input, 
the bq2000/T flashes the LED pin as it does in the 
pause mode to indicate that charge is pending. 
This threshold has no effect after fast charge has 
started. 

3. Vtco set at 0.225 * Vcc is the cutoff temperature 
for fast charge and top-off. At voltages below this 
threshold on the TS input, a fast charge or top-off 
in progress terminates and does not resume. This is 
considered a “done” condition. Note that this condi- 
tion is superceded at the start of fast charge by the 
starting temperature threshold described above. A 
very hot battery placed in the charger causes the 
bq2000/T to flash the LED pin to indicate charge 
pending, even if the cutoff temperature is exceeded. 
The bq2000/T does not pulse-trickle charge an over- 
heated battery until it cools below the cutoff tem- 
perature threshold. Then the battery is 
pulse-trickled until it cools below the starting tem- 


perature threshold, following which it starts fast 
charging. 

A simple configuration procedure is as follows: 

If no temperature limits or inhibit (pause) function are 
desired, bias the TS input to a voltage level between 1.25 
and 2.0 volts. This biasing can be done with a simple di- 
vider network between Vcc and Vss. See Figure 9. 

If temperature limits are not required, but an inhibit 
function is, use the same bias network, but terminate the 
second resistor to the inhibit signal rather than to Vss. A 
logic high inhibits, while a low enables. See Figure 10. 

Finally, if a full-featured design is desired, choose two re- 
sistor values to bias a NTC thermistor taking note of its 
cold temperature value, Rc, and its high temperature 
value Rh. The resistor from Vcc to the thermistor, Ri, 
and from the thermistor to Vss, R 2 , can be calculated 
from the formulas given below: 

R _ 22 * R H * R c R _ 22 * R H * R c 

1 9 * (R c - R h ) 2 (9 * R c ) - (31 * R h ) 

If the denominator of R 2 becomes zero, or nearly so, R 2 
can be left out, effectively making it infinite; however, 
this equation places a limit on the effective range of tem- 
perature for any given thermistor. In most cases, this 
does not present a problem as it corresponds to about a 
30°C range. The thermistor value at which charge is in- 
hibited because of overtemperature can now be repre- 
sented by this term: 


Rtherm = 


1.25 * R, * R 2 
3.75 * R 2 - 1.25 * R 1 
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Figure 9. Temperature Defeating 
Configuration 



Figure 10. Temperature Defeating 
Configuration with Inhibit 


Constraining the 
High-Temperature Start of 
Charge 

Some applications emphasize not starting charge above a 
certain temperature more than exactly where charging 
terminates for an overtemperature condition. If this is 
the case, the following two equations can be substituted 
for those above, with the understanding that Rh now rep- 
resents the high-temperature prequalification resistance 
of the NTC thermistor, and the term to the extreme right 
represents the thermistor value at cutoff: 


the voltage excursion resulting from the thermistor’s 
variation with temperature. Thus, in the case of the 
bq2000T, the most critical specification is the charge 
range, usually the high-temperature cutoff, while the sec- 
ond constraint is the rate of change of temperature with 
time, which is the criterion of charge termination. Gen- 
erally, the temperature at which the AT/At condition 
should apply is approximately 5°C above the expected 
ambient. This condition is ratiometric to the supply volt- 
age but corresponds to a rate of 31mV/min with a 5V Vcc 
voltage (Vcc/161). The following system of equations cal- 
culates two resistor values (Rl, connected between Vcc 
and the thermistor and R2, connected in parallel with the 
thermistor), which bias the thermistor connected inside 
the battery pack to the negative terminal of the battery: 


1.125 *R X * R 2 
3.875 * R 2 - 1.125 * R, 


Rt3o * R 2 * 5 

(Rt3 * R 2 ) + Rl * (Rt30 + R 2 ) 


Where: 

R _ 2 * R H * R c 

R c - R h 

R = 2 *R h * R c 
R c - 3 * R h 

Configuring the TS Input to the bq2000T for 
AT/At Termination 

A Thevenin-equivalent circuit can be used to represent 
the bias on the thermistor connected to the TS input. As 
such, a circuit has only two characteristics capable of 
modification, and only two constraints can be imposed on 
7/1 1 


Rt3i * R 2 * 5 

(Rt31 * R 2 ) + Rl * (Rt31 + R 2 ) 


= 0.031 


Rthi * R2 * 5 

(Rthi * R2) + Ri * (Rthi + R2) 


= 1.125 


where Rt 30 and Rt 31 represent the thermistor value at 
30°C and 31°C respectively, and Rthi represents the 
high temperature cutoff resistance. Selecting a low beta 
thermistor such as the Semitec 103ET-2 together with a 
40°C cutoff affords a range of 0 to 40°C with a 1°C per 
minute sensitivity at 30°C. The same sensitivity can be 
attained with a range of 0 to 50°C by selecting a high 
beta thermistor such as the Semitec 103GT-1. Note that, 
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in solving these equations, Ri > R 2 implies that there will 
be no cold temperature fault. 

For ease of design, a table of values for Ri and R 2 is pre- 
sented below for various popular thermistors and temper- 
ature ranges. 


Thermistor 

Range (°C) 

Ri 

r 2 

Semitec 103AT-2 

-1.6-40 

17.8K 

45.3K 

0.7-45 

14.7K 

33.2K 

4-50 

12.4K 

23.7K 

8-55 

10.5K 

23.2K 

Semitec 103ET-2 

0-40 

19. IK 

69.8K 

1.8-45 

15.8K 

45.3K 

4.6-50 

13.3K 

34.8K 

8.2-55 

11.5K 

29.4K 

Semitec 103GT-1 

-10.8-40 

13.7K 

17.4K 

-6-45 

11.3K 

14.7K 

-0.2-50 

9.31K 

12.7K 

6.9-55 

7.87K 

11.5K 

Philips 2322-640-63103 
or 

Fenwall97-103LA6-A01 

-7.9-40 

14.7K 

2 IK 

-4-45 

12. IK 

17.4K 

1.3-50 

10K 

15K 

7.2-55 

8.45K 

13.3K 

Keystone 

RL0703-5744-103-S1 

-9.6-40 

14K 

18.7K 

-5.2-45 

11.5K 

15.8K 

0.6-50 

9.53K 

13.7K 

7.1-55 

8.06K 

12.4K 


Selecting the Timing 
Components 

The RC pin of the bq2000/T provides for an infinitely 
variable time-out range, so the user is not bound to bi- 
nary multiples and submultiples of a 1C charge rate. 
The time-out set by these pins expressed in minutes is 
determined by the formula R * C * 35988, where R is in 
ohms and C is in Farads. The value of R also determines 
the rate of maintenance trickle following charge for 
nickel-based chemistries. A C value of 0.13 jliF or greater 
selects a top-off algorithm to follow fast charge for 
pulse-trickle duty cycles of 8.33% or less, top-off is char- 
acterized by an interval equal to the time-out during 
which the battery is pulse-charged at a l/16 th duty cycle. 

The main consideration in selecting the timing compo- 
nents is the rate at which charge is being restored to the 
battery expressed as a fraction (or multiple) of its rated 
capacity. As most battery manufacturers deliver batteries 
that exceed their rated capacities, the recommended 
time-out period is that which allows 33% more charge 
than the rated capacity to be returned to the battery dur- 
ing the timed charge interval. Thus, for a battery charged 
at a 1C rate, the timeout interval is 80 minutes. This in- 
terval allows for up to a 20% overcapacity that may occur 
in new batteries, a small allowance for charge efficiency, 
and a small overcharge to insure cell balance. Batteries 
charged at rates below C/4 may need to add significant 
additional time to accommodate charge inefficiency. Note 
that the 14-hour time-out normally recommended for 
NiCd batteries charged at C/10 is because of the poor 
charge efficiency at this rate of charge. Li-Ion or Lead 
Acid batteries require voltage regulation as part of the 
charge algorithm and normally take longer to charge, and 
the bq2000/T has incorporated a time-out doubler that is 
activated if the battery achieves voltage regulation. 

Here then is a design procedure : 

1. Express the charge rate as a fraction or multiple of 
the capacity. 

2. Divide 80 minutes by this fraction or multiple to 
determine the desired time-out expressed in min- 
utes. 

3. Divide this result by 35,988 to determine the R-C 
product. 

4. If top-off is desired, choose C > 0.13pF. If not, 
choose C < 0.07pF. 

5. Calculate R from time-out = R * C * 35,988. An ad- 
ditional condition on top-off is that R < 300K. 
(Even with the time-out capacitor and a resistor of 
less than 300k, a time-out of 23 hours can be real- 
ized.) 
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Figure 12. Dual-Chemistry Buck Regulator with High-Side Current Sensing 


6. Verify that the trickle-pulse rate selected from the 
graph multiplied by the charge rate determined in 
step 1, is less than or equal to 1/32 for NiCd or 1/64 
for NiMH, and that R < 500000. 

7. Failing any condition imposed in steps 5 and 6, re- 
turn to step 4 and choose a larger value for C 
within the limits specified. 

Example: NiCd Battery 

1. C/2 

2. 160 minutes 

3. R*C = 4.4459- 10' 3 

4. Choose C = 0.001 pF (lOOOpF) 

5. R = 4.446Mn 

6. R > 500KO (Selected capacitor is too small.) 

7. Choose C = 0.0 lpF 

8. R = 444KQ 

9. Pulse-trickle = l/10.7(>l/32) (Pulse-trickle ex- 
ceeds recommended value for NiCd.) 

10. Choose C = 0.047pF 
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11. R = 94.6Kn 

12. Pulse-trickle = C/50 (All parameters within 
specified limits.) For standard values, choose R = 
95.3KH and C = 0.047pF. 

Charge Termination Considerations 

Fast charge terminates when any of the following condi- 
tions is fulfilled: 

1. The average voltage at the BAT input to the 
bq2000/T declines by PVD threshold from its high- 
est previous value (bq2000/T). 

2. The signal at the TS input declines at a rate of 
Vterm (bq2000T). 

3. Regulation voltage is attained at the BAT input 
and the current tapers to Imin threshold. 

4. The maximum temperature threshold at the TS in- 
put is exceeded. 

5. The timer expires. 

Measurement accuracy made in 3 above may depend on 
the degree to which the battery voltage is filtered. A 
larger value of capacitance connected across the battery 
leads to a more accurate termination measurement. 
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Figure 13. Simple Buck-Boost Design 


Configuring the LED Output 

The LED output is an open-drain MOSFET capable of 
sinking up to 10mA of DC current. Unlike the CMOS in- 
puts to the bq2000/T, the LED output is protected from 
overvoltage by a punch-through ESD structure. Thus the 
LED output can tolerate voltages within the recom- 
mended operating range, independent of the bias on the 
Vcc pin. 

Layout Considerations 

The bq2000/T makes its voltage and temperature mea- 
surements with the switching regulator and timing oscil- 
lator turned off. This prevents layout considerations from 
affecting termination decisions. Layout is very important, 
however, for predicting the performance of the switching 
regulation function. One rule applies for high or low-side 
regulation: 

Minimize the size of all input pin nodes. Locate all by- 
pass, feedback, and filtering components adjacent to their 
connected input pins, or power pins in the case of bypass. 
Ground connections associated with any power or input 
pin to the bq2000/T must be kept separate from all other 
grounds and brought directly to the correct side of the 
sense resistor. The resistor associated with the SNS input 
filter must connect separately and alone to the opposite 
side of the sense resistor. 


Application Example: Simple Dual-Chemistry 
Buck Regulator 

To safely accommodate two distinct battery chemistries 
in the same charger, voltage regulation must supercede 
completeness of charge. This requirement implies that, 
for simplicity of charger design, the user must sacrifice 
similarity of discharge voltage, but for similarity of pack 
voltage under discharge, the user must default under 
conditions of contact failure to voltage regulation for 
safety reasons. A fixed cell-ratio usually applies for appli- 
cations requiring similar discharge voltage — for example, 
3 NiCd/NiMH to 1 Li-Ion. The safest design approach for 
these packs is to include an additional negative battery 
contact on the nickel chemistry packs that will adjust the 
battery divider in the charger to accommodate the higher 
charge voltage requirement. See Figure 12. 

If packs of dissimilar voltage can be allowed, the user 
may select a pack of higher output voltage for the voltage 
regulated chemistry while the nickel chemistry pack has 
a higher amp-hour rating. These pack cell ratios should 
be 2 Li-Ion to 5 or fewer nickel cells or 2 lead acid to 3 or 
fewer nickel cells. Care must be taken here to limit the 
charge current to the nickel cells so they do not achieve 
voltage regulation. If they do, they will not terminate for 
-AV. The safest approach to cell counts that risk this situ- 
ation is to use the bq2000T. 
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Buck-Boost Design 

This section illustrates a commonly encountered applica- 
tion, one in which a user wishes to design an automotive 
charger for a number of cells whose voltage at end of 
charge would exceed the supply. A nickel cell count of 8 
would fit the requirement of a buck-boost implementation 
if charged from a cigarette lighter. This circuit maintains 
a constant current to the battery by compensating the 
current regulation in the inductor for the difference be- 
tween the input and output voltages from the supply. 
The voltage inversion allows the inductor to remain a sin- 
gle winding. See Figure 13. 

Charging Lead-Acid Batteries 


V(25)bulk - 2 3 

+ R T(25) * R 4 R2 

V Rt(25) + R 4 


* (Rs) = 2 


V(25)float - 2 3.1 

+ RT(25) * R4 R 2 

V Rt(25) + R 4 


* (Rs) = 1.9 


V(HI)bulk - 2 3 

Rx + R T(HI) * R 4 R2 

Rt(HI) + R 4 j 


* (Ra) = 2 


The bq2000/T charges lead-acid batteries where a 
pulsed-charge algorithm is acceptable. The charger is de- 
signed so that (1) the bulk voltage (nominally 2.45 V/cell) 
on the battery causes the regulation voltage to appear on 
the BAT input and (2) the float voltage (nominally 
2.275V/cell) causes the battery replaced voltage of 1.9V to 
appear on the BAT input. The SNS input can be config- 
ured normally for current limit. For temperature compen- 
sation, an NTC thermistor is part of the resistive divider. 
The design procedure is to solve the following four equa- 
tions simultaneously for values Ri, R 2 , R 3 , and R 4 : 


V(LO)bulk - 2 


Ri + 


+ — 
Rt(low) * R 4 R 2 

Rt(low) + R 4 


* (Rs) = 2 


where bulk and float voltages and thermistor values are 
HI for the high-temperature limit, LO for the 
low-temperature limit, and 25 for the value at 25°C. Ri is 
connected from the battery positive terminal to the 
higher voltage side of the thermistor. R 2 is connected be- 
tween the lower-voltage side of the thermistor and Vcc. 
R3 is connected between the lower-voltage side of the 
thermistor and ground of the IC. R4 is in parallel with 
the thermistor. The voltage at the juncture of the therm- 
istor, R4, R3, and R2 is applied to the BAT input through a 
filter. The 3V and 3.1V values on the left side of the above 
equations assume 5V for Vcc. In applications where an 
alternative voltage for Vcc is used, these values would be 
(Vcc - 2) and (Vcc - 1.9) respectively. A thermistor value 
of 100KX2 or greater at 25°C is recommended. 



Figure 14. Design Example for Lead-Acid Batteries 
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u-505 Using the bq2003 
to Control Fast Charge 


Introduction 

This application note describes the use and functions of the 
bq2003 gating a current source to fast charge NiCd or 
NiMH batteries. Examples describe the ease with which 
the bq2003 is incorporated into applications. 

The bq2003 may also serve as the modulator for a 
switch-mode constant-current regulator to provide an ef- 
ficient charge current source. This is discussed in the Ap- 
plication Note, “Step-Down Switching Current Regulation 
Using the bq2003 Fast Charge IC.” 

Examples for additional applications are being developed. 
Please contact Unitrode if your application is not sup- 
ported by one of these examples. 

The bq2003 is targeted for applications requiring state- 
of-the-art fast-charging performance at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/At (delta temperature/delta time) and -AV 
(negative delta voltage) that enable the user to take ad- 
vantage of advanced battery technologies such as nickel 
metal-hydride (NiMH) and high-capacity fast-charge 
nickel cadmium (NiCd). Systems using the bq2003 can 
be easily upgraded from NiCd batteries to NiMH batter- 
ies without system redesign. 

Background 

A significant advantage of the bq2003 over other fast- 
charge solutions is the use of AT/At and/or -AV as the pri- 
mary decisions for fast-charge termination. AT/At detec- 
tion is one of the most sensitive and reliable methods for 
fast-charge termination when charging NiMH and NiCd 
batteries. Near maximum charge acceptance, the tem- 
perature rise begins to accelerate at the same time that 
voltage rise accelerates. The AT/At decision typically pre- 
cedes the peak voltage, allowing for minimal overcharge 
stress. 

The AT/At method also tolerates varying rates of charge, which 
may be desirable when charging during system operation. 

Compared to the AT method, which uses two sensors to 
monitor battery temperature and ambient temperature, 
the AT/At method uses a single thermistor to monitor the 
rate of temperature increase. This approach is more toler- 
ant in cases when the initial battery temperature is sig- 
nificantly different from the ambient temperature. 

bq2003 temperature monitoring may be permanently dis- 
abled without affecting other bq2003 charge-termination 
functions. 

5/99 C 


The bq2003 monitors the voltage across the battery to detect 
-AV, which is a very reliable charge terminator for NiCd bat- 
teries. -AV detection in the bq2003 may be temporarily dis- 
abled during periods when the charge current fluctuates 
greatly or during the beginning of a fast charge to eliminate 
false peaks. -AV may be permanently disabled without af- 
fecting other bq2003 charge-termination functions. 

To ensure safety for the battery and system, fast charg- 
ing also terminates based on a hot-temperature cutoff 
threshold (TCO), a safety time period, and a maximum 
cell voltage threshold (MCV). To avoid possible prema- 
ture fast-charge termination when charging batteries af- 
ter long periods of storage, the bq2003 disables MCV and 
-AV detection during a short “hold-off’ period at the start 
of fast charge. This hold-off period is configured as de- 
scribed in the bq2003 data sheet. 

The bq2003 may be configured to have one, two, or three 
charge stages. As a one-stage charger, the bq2003 controls 
charge with no trickle. In a two-stage configuration, the 
fast-charge stage controlled by the bq2003 is preceded and 
followed by a continuous trickle charge at a rate controlled 
by a current-limiting resistor outside of the bq2003. In a 
three-stage configuration, the fast charge is followed by a 
“top-off’ charge stage at V 8 the fast charge rate. This allows 
the battery to be quickly and safely brought to a full charge 
state. Following top-off, an external resistor controls trickle 
charge to the batteiy at a minimal charge-sustaining rate, 
typically % 0 or % 0 . 

Basic Charge-Control Operation 

Two detailed applications follow this section. One provides 
direct control of a linear regulator, and the other provides 
control of any external current source. 

Gating Current 

Figure 1 shows an example of external source gating. 
With SNS tied to chip ground, the bq2003 enables charge 
current to the battery by taking MOD high at the start of 
charging and maintaining this state until charging is ter- 
minated. In this example, R7, Q2, R15, and Q1 form the 
switching circuit. When MOD goes high, Q2 switches 
on — turning on Ql. When MOD goes low, the base current 
in Q1 collapses, breaking the charging path. 

The current-handling capability of this circuit is limited 
by the product of the current gains of the transistors and 
by the 5mA drive capability of the MOD pin. 

This limitation may be removed by replacing the PNP at 
Ql with a pFET. See Table 1 for suggested transistors. 
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Table 1. Suggested Transistors (Q1) 


Q1 

Type 

Package 

Maximum Current 

Maximum Voltage 

IRFR9010 

pFET 

DPAK 

5.3 

-50 

IRFR9022 

pFET 

DPAK 

9.0 

-50 

IRFR9020 

pFET 

DPAK 

9.9 

-50 

IRFD9014 

pFET 

HEXDIP 

1.1 

-60 

IRFD9024 

pFET 

HEXDIP 

1.6 

-60 

IRF9Z10 

pFET 

TO-220 

4.7 

-50 

IRF9Z22 

pFET 

TO-220 

8.9 

-50 

IRF9Z20 

pFET 

TO-220 

9.7 

-50 

IRF9Z32 

pFET 

TO-220 

15 

-50 

BD136 

PNP 

TO-225 

1.5 

-60 

MJE171 

PNP 

TO-225 

3.0 

-60 

TIP42A 

PNP 

TO-220 

6.0 

-60 


Note: For very high currents, two paralleled pFETs or an nFET with a high-side driver circuit may be suitable. 



FG200305.eps 


Figure 1 . Gated External Source (Bipolar Switch Option) 
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Charge Status 

The charge status of the bq2003 is indicated by two out- 
puts. Each output may directly drive an LED. One LED 
uses distinctive flashing patterns to indicate the current 
charger status as: 


Charge Action 

State 

Charge Status Output 

Low 

High 

Battery absent/abort 

- 

Continuous 

Pending charge (waiting 
for proper temperature 
and/or voltage) 

Ya sec 

1 % sec 

Discharging (optional) 

l%sec 

Ya sec 

Fast charging 

Continuous 

- 

Charging complete 

%sec 

Vs sec 

Top-off (optional) 

Vs sec 

Ya sec 


A second LED indicates that the battery temperature de- 
tected by the bq2003 and associated thermistor is out of 
range for fast charging. 


Charge Initiation 

Charge may be initiated by power to the IC, battery re- 
placement, or application of a digital signal. Configura- 
tion options are shown in Figure 2. 

Charge initiation by application of power to the IC works 
as follows: When Vcc is applied, the bq2003 is held in re- 
set for approximately one and one-half seconds. At the 
end of the reset period, the CCMD pin (pin 1) is sampled 
and, if CCMD and DCMD are low, a charge cycle initiates 
as soon as conditions allow. 

Charge initiation on battery replacement relies on the 
BAT pin voltage being greater than MCV in the absence 
of a battery, and falling below MCV when the battery is 
connected. For example, in Figure 1 a resistor RIO is in- 
serted between the positive battery terminal and Idc- 
This resistor, in conjunction with RBI and RB2, is sized 
to pull the BAT pin (pin 7) above the value programmed 
on MCV (pin 11, maximum cell voltage threshold) when 
the battery is removed. 

When the battery is replaced in this case, the voltage on 
BAT should fall below MCV, at which time a charge cycle 
initiates as soon as conditions allow (if CCMD) and 
DCMD are low). 


Vcc 


Push-Button 

Switch 

(normally 

open) 



Manual Charge 
Initiation 


Automatic Charge 
Initiation 


Manual and Automatic 
Initiation 


FG200306.eps 


Figure 2. Charge Initiation Network 
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Charge initiation by digital signal occurs on the rising 
edge of CCMD with DCMD low. Digital charge initiation, 
which is simply a request to charge the battery, results in 
charging as soon as conditions allow. 

The charge command may be issued at any time, but 
charging may be disqualified because the battery voltage 
or temperature is outside programmed limits. Fast 
charging remains pending until all charge qualifications 
become valid. When conditions allow, fast charging be- 
gins. A CCMD-initiated charge with battery absent re- 
mains pending until battery replacement. 

Discharge-Before-Charge 

It may be desirable in the application to allow the user to 
occasionally discharge the battery to a known voltage 
level prior to charge. The reason for this may either be to 
remedy a voltage-depression effect found in some NiCd bat- 
teries or to determine the battery's charge capacity. 

Figure 3 illustrates the implementation of this function. 
Discharge-before-charge is initiated on a positive strobe 
signal on DCMD. This function takes precedence 
over a charge action and commences immediately 
when conditions warrant, forcing DIS to a high state 
until the voltage sensed on BAT falls below Vcc/5. 
Charging begins as soon as conditions allow. 


Care should be taken not to overheat the battery during 
this process; excessive temperature is not a condition 
that terminates discharge. 

A strobe on CCMD terminates the discharge phase and 
initiates fast charging. 

Unlike a CCMD-initiated charge, the discharge-before- 
charge function is ignored or terminated when Vbat - 
Vsns > Vmcv (battery removed). 

If the discharge-before-charge function is not desired, 
DCMD should be tied to Vss. 

Configuring the BAT Input 

The bq2003 uses the battery voltage sense input on the 
BAT pin to control discharge-before-charge, qualify 
charge initiation, terminate charge at an absolute limit, 
and facilitate negative delta voltage (-AV) detection. 

Vbat may be derived from a simple passive network 
across the battery. As shown in Figure 1, resistors RBI 
and RB2 are chosen to divide the battery voltage down to 
the optimal detection range, which is between Vmcv and 
Vmcv -IV. 

For NiCd and NiMH batteries, the battery terminal volt- 
age is divided down to a per-cell potential. If, for example, 
the battery contains four NiCd cells, RBI may be chosen 
as 562KI2 and RB2 as 187KX2. 



Discharge Network for Use 
with a bq2003-Controlled 
Switching Current Supply 


Discharge Network for Use 
with an External 
Charge Current Source 


FG200307.eps 


Figure 3. Battery Conditioning Network 
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Although virtually any value may be chosen for RBI and 
RB2 due to the high input impedance of the BAT pin, the 
values selected must not be so low as to appreciably drain 
the battery nor so large as to degrade the circuit's noise 
performance. Constraining the source resistance as seen 
from BAT between 20KQ and 1MQ is acceptable over the 
bq2003 operating range. Total impedance between the 
battery terminal and Vss should typically be about 300K 
O to 1MO . See Table 2. 

Notes: (1) Because Vsns may be positive in bq2003 switch- 
ing regulation applications, the actual internal compari- 
son uses Vbat - Vsns, or Vcell. This internal value 
Vcell maintains a representative single-cell voltage inde- 
pendent of any current through Rsns. 

(2) The R-C time delay in the presentation of Vbat must 
be shorter than 200ms (tMCv). A longer delay may result 
in a failure to determine “battery replaced.” 


Configuring the MCV Input 

Battery over-voltage protection is accomplished by com- 
paring Vcell to the voltage on the MCV input pin. If 
Vcell becomes greater than Vmcv, both charging and 
top-off terminate. 

A typical MCV value is 1.8V for NiCd and NiMH batter- 
ies. The MCV voltage is derived from either of the net- 
works shown in Figure 4. The combined network has the 
advantage of fewer resistors in generating both the MCV 
and TCO thresholds, but loses the independence of 
threshold adjustment. 

To detect the presence of a battery, the DC supply voltage 
must be larger than MCV * N + Vlosst, where Vlosst is 
defined as the trickle charging path voltage loss and N is 
the Vbat divisor. 

Temperature Sensing and the TCO Pin 


Table 2. Suggested RBI and RB2 
Values for NiCd and NiMH Cells 


Number of Cells 
(Vbat Divisor) 

RBI 

RB2 

4 

562 KQ 

187 KO 

5 

649 KQ 

162 KO 

6 

590 KQ 

118 KQ 

8 

931 KQ 

133 KO 

10 

953 KQ 

105 KO 

12 

374 KD 

34 KH 

14 

649 KQ 

49.9 KQ 

16 

750 KD 

49.9 KO 


The bq2003 uses the temperature sense input on the TS 
pin to qualify charge initiation and termination. A nega- 
tive temperature coefficient (NTC) thermistor referenced 
to SNS and placed in close proximity to the battery may 
be used as a temperature-to-voltage transducer as shown 
in Figure 1. This example shows a simple linearization 
network constituted by RT1 and RT2 in conjunction with 
the thermistor, RT. If this temperature sensor is to be 
used for charge control, it should be directly in contact 
with the cells. 

Temperature-decision thresholds are defined as LTF 
(low-temperature fault), HTF (hot-temperature fault), 
and TCO (temperature cutoff). Charge action initiation 
is inhibited if the temperature is outside the LTF-to-HTF 
range. In this case, the temperature fault indicator on 
TEMP is driven low, and charging does not initiate until 
the battery temperature is within range. 



vcc 



Combined 

Network 


FG200308.eps 


Figure 4. Threshold Networks 
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Once initiated, charging terminates if the temperature is 
either less than LTF or greater than TCO. The bq2003 in- 
terprets the reference points Vltf, Vhtf, and Vtco as 
Vss-referenced voltages, with Vltf fixed at % Vcc and 
Vtco equal to the voltage presented on the TCO pin. See 
Figure 5. Note that since the voltage on pin TS decreases 
as temperature increases, Vtco should always be less 
than % Vcc* Vhtf is set internally / 8 of the way from 
Vltf to Vtco. The resistive dividers shown in Figure 4 
may be used to generate the desired Vtco. 

Note: HTF is not meaningful for bq2003 switching cur- 
rent regulation chargers. See the Application Note, 
“Step-Down Switching Current Regulation Using the 
bq2003 Fast Charge IC.” 

AT/At detection adds an additional constraint on the se- 
lection of temperature sense components. Detection oc- 
curs when the voltage TS - SNS declines at a rate 
between 0.0024 Vcc and 0.0040 Vcc per 68 seconds, with a 
nominal 5V Vcc producing a nominal detection rate of 
14mV/min (16mV/68sec). For example, assuming a 
l°C/min desired average AT/At detection rate (Tat), and 
minimum and maximum charge temperatures of 0° and 
40°C, respectively, Vtco equals: 

Vtco = (2 * Vcc/5) - (0.0028 * Vcc * (Ttco - Tltf)) 
= 2 - (0.014 * (40 - 0)) 

= 1.44V 

Table 3 shows the temperature control values that apply 
for Application Examples 1 and 2, assuming the Fenwal 
part number 197-103LA6-A01 thermistor. Appendix A ex- 
plains the derivation of such component values. 

New AT/At samples are processed every 34 seconds. To 
minimize the risk of premature termination, the design 
should be configured assuming a minimum charge cutoff 


— 

— V C C 

— 

— vltf = 2/5Vcc 

7/8 



— v H tf = Vltf - 7/8 (v LT f- Vtco) 

1/8 



— Vtco User defined = Voltage at TCO pin 

— 

— v S s 


FG200316.eps 


Figure 5. Temperature Reference Points 


rate of 0.0024 * Vcc, or 10.6mV per minute (at 25°C; Vcc 
= 5V). This is the lowest signal that may be recognized as 
meeting the decision threshold. Repeating samples cause 
a decision quickly as the voltage ramps between this 
minimum threshold and the nominal 14mV per minute. 
The system is self-compensating in that the thermistor 
provides increasingly overstated negative voltage change 
with increasing temperature, making the measurement 
more sensitive at higher temperatures. The last three 
columns of Table 3 are an example of this relationship. 


Table 3. Example Values, Temperature Sense Network 


LTF 

(°C) 

HTF 

(°C) 

TCO 

(°C) 

Vtco 

(V) 

RT1 

(KQ) 

RT2 

(KQ) 

Tat 

(°C/min) 

Minimum-to-Nominal 

AT/At Rate (°C/min) 

@ 25°C 

@ 35°C 

@ 45°C 

10 

47 

50 

1.50 

3.65 

2.80 

1.04 

0.94-1.26 

0.75-1.00 

0.64-0.85 


Notes: 1 . Vsr = 0V. 

2. Temperature control and qualification may be disabled by tying pin TCO to Vss and fixing the 
voltage on pin TS to 0.1 * Vcc. 


6/18 


3-278 







Using the bq2003 to Control Fast Charge 


Vcc Supply 

The Vcc supply provides both power and voltage refer- 
ence to the bq2003. This reference directly affects BAT 
voltage and internal time-base voltage measurements. 

A 5% or tighter tolerance on Vcc is recommended to 
minimize the error regarding MCV. For example, if MCV 
nominal is set to be 1.8V per cell, a 5% error on Vcc re- 
sults in MCV = 1.71V to 1.89V. This range is acceptable 
from the perspective that an MCV charge termination 
represents a faulty battery. The minimum MCV must be 
safely above a “healthy” charging voltage. The maximum 
MCV must satisfy the requirement to recognize battery 
removed/replaced (see the section, “Configuring the MCV 
Input”). 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = 5V. The 
oscillator varies directly with Vcc- If, for example, a 5% 
regulator supplies Vcc, the time-base could be in error by 
as much as 10%. 

Trickle Resistor 

The trickle resistor, RIO, is sized to limit the constant 
trickle current, It. 

RIO = (Vdc - Vbat) / It 

The resistance of RIO is calculated using It = charge cur- 
rent desired after full (typically a % 0 to% 0 rate, possibly 
less) and the voltage for a fully charged battery (number 
of cells * 1.4V). 

The wattage rating of RIO must accommodate periods of 
higher It when Vbat is at a lower voltage (no fast-charge 
pending charge qualification). 

A very low trickle current contributes to longer battery 
life, and is particularly critical for NiMH cells. 


Top-Off Charge 

The top-off charge option allows for the self-discharge re- 
placement trickle current to be very low, but still provides 
for filling up the last fraction of capacity after the fast- 
charge phase has terminated. Top-off occurs at a y 8 pulsed 
rate to prevent excess heat generation, and terminates 
after a period equal to the safety time-out. It also termi- 
nates if TCO or MCV is detected. 

Top-off is not recommended in applications where a bat- 
tery charge is re-initiated with extremely high frequency 
(many times per day); for example, when the unit is re- 
turned to the charge cradle after each short period of use. 

Negative Delta Voltage Fast-Charge 
Detection 

-AV full-charge detection may operate in parallel with the 
AT/At detection. If temperature control is disabled by de- 
sign, then -AV should be enabled (DVEN to Vcc). If -AV is 
enabled, a constant-current charging source is required. 
Otherwise a drop in current may cause a false -AV deter- 
mination. DVEN may change state at any time. 

Mode Selection Pins TM1 and TM2 

These two pins are used to select the safety time-out (5 
selections, 23 to 360 minutes) and optional top-off charge 
(4 selections, 23 to 180 minutes, equal to the safety time 
selection). 

The safety time-out should be selected to be longer than 
any reasonably expected charge time. The nominal 
charge time (Ahr capacity/charge rate) must be factored 
up to allow for both charge inefficiency and the fact that 
many batteries hold more than the rated charge. A safety 
time-out 1.3-1. 5 times the nominal time is normally ade- 
quate (i.e., 90 minutes for a 1C charge). The safety time- 
out may be far in excess of the nominal charge time if the 
temperature monitor is enabled. 

Note: If the charge rate varies (such as fast charging 
during system operation using AT/At termination), then 
the safety time-out selection should allow for the slowest 
charges that may occur. The 180- or 360-minute selection 
may be appropriate. 


7/18 


3-279 



Using the bq2003 to Control Fast Charge 


System-Controlled Charge 
Inhibition 

Some in-system chargers may require the ability to block 
fast charge activity when the system is on. 

Two small lN4148-type diodes — with cathodes connected 
outside the R-C filter — control the bq2003 BAT and TS 
inputs to provide this capability. A high signal (INHIBIT) 
applied to anodes of these diodes blocks charge activity. 
See Figure 8. 

With a high signal applied to BAT and TS, charge is in- 
hibited and both LEDs are off. INHIBIT must be high for 
longer than tMCV max (300ms) if a subsequent low state 
is to initiate charge. 

INHIBIT could be the system Vcc, blocking fast charge at 
all times the system is ON. This may be needed if -AV ter- 
mination is to be used and the charge supply cannot si- 
multaneously support fast charge and peak system loads. 

INHIBIT might also be CPU-controlled, allowing the 
charger to be inhibited as required by specific situations. 


Power Supply Selection 

The DC supply voltage, Vdc, must satisfy two require- 
ments: 

1. To support the bq2003 Vcc supply, Vdc must be 
adequate to provide for 5V regulation after the 
losses in the regulator and across D1 (Vdc > 7.7V 
using the 78L05). 

2. To support the charge operation, Vdc > (number of 
cells * MCVmax) + Vloss in the charging path. 
(MCVmax is the maximum cell voltage threshold 
with the maximum bq2003 Vcc.) 

Polarity Reversal Protection 

If the DC input has any risk of being accidentally con- 
nected with power (+) and ground (-) reversed, then the 
system input should include either a protection diode to 
protect against circuit damage or a diode bridge to pro- 
vide both protection and operation. This also increases 
minimum input voltage for charger operation by approxi- 
mately IV to 2V. 
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Layout Guidelines 

PCB layout to minimize the impact of system noise on the 
bq2003 is important when the bq2003 is used as a switch- 
ing modulator, with a separate nearby switching regula- 
tor, or close to any other significant noise source. 

1. Avoid mixing signal and power grounds by using a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and associated 
traces should be kept relatively isolated from the 
bq2003 and its supporting components. 

3. O.IjllF and lOpF decoupling capacitors should be 
placed close together and very close to the Vcc pin. 

4. O.IjllF capacitors and resistors forming R-C filters 
connected to pins BAT, TS, TCO, and MCV should 
be as close as possible to their associated pins. 

5. Because the bq2003 uses Vcc for its reference, addi- 
tional loading on Vcc is not recommended. 


6. Diode D1 (1N4148) is recommended for rectifica- 
tion and filtering. 

7. If the DCMD input is electronically controlled, care 
should be taken to prevent noise-induced false 
transitions. 

8. For bq2003-modulated switching applications: 

■ A 2KI2 resistor is required between the MOD 
pin and the transistor. 

■ A lOOOpF capacitor/lKO resistor R-C filter 
should be as close as possible to the SNS pin. 

■ The O.lpF capacitors for BAT and TS should 
be routed directly to SNS and not to ground. 

Figures 6 and 7 show an example layout of the non-power 
path circuits in the “kernel board” available from Bench- 
marq. Figure 8 is a schematic of the board. Table 4 con- 
tains the parts list for the board. A comparable layout is 
recommended. 



Figure 6. bq2003 Kernel Board Layout, Component Placement 
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Table 4. bq2003 Kernel Board Parts List 


Component Name 


Cl 

C2, C4, C5, C7, C8 

C3 

C6 

Dl, D4, D5 
D2, D3 

R1 

R2 

R3 

R4, R7, R8, R9 
R5, R6 

RBI 

RB2 

RT1 

RT2 

U1 

U2 


Component Description 


10|iF 50V electrolytic 

O.lpF ceramic 

10|liF 7V electrolytic 

lOOOpF ceramic 

1N4148 

HLMP 4700 red LED 

User-defined 1% y d W or carbon film 
User-defined 1% or y^N carbon film 
User-defined 1% or yJN carbon film 
1KQ 5% 34 W or %W carbon film 
lOOKQ 5% y d W or yW carbon film 
User-defined 1% y A W or V S W carbon film 
User-defined 1% 34 W or carbon film 
User-defined 1% y A W or carbon film 
User-defined 1% or yJN carbon film 

bq2003 

LM78L05ACZ 


U2 

In out! 


C 


CCMD 

vcc 

DCMD 

ms 





TM2 

TEMP 

TS 

MCV 

BAT 

TCO 

vss 

SNS 


SNS is tied to VSS if bq2003 switching modulation is not used. 

*R4 and C6 are only needed for switching modulation applications. 


Figure 8. bq2003 Kernel Board Schematic 
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Application Example 1 : Linear Regulator 

In the example in Figure 9, the bq2003 is used to imple- 
ment a linear regulator/charge controller that can charge 
4 to 12 NiCd or NiMH cells with current regulated up to 
1.5A. Ri6 determines the charge rate per the formula: 

I = 1.25V / Ri6 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection is enabled (DVEN high), and discharge control 
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; HTF = 
47°C; TCO = 50°C; Tat (average AT/At) = 1.04°C/ minute. 
Timer-mode selection (see data sheet) and trickle resistor 
RIO selection (see page 7) are determined by the designer. 


Components to complete this schematic may be selected 
from the preceding table: 

■ Table 2: BAT network RB 1 and RB2 values 

Table 5 contains the parts list for the board. 

Notes: (1) Temperature control and qualification may be 
disabled by tying pin TCO to Vss and fixing the voltage 
on pin TS to 0.1 * Vcc. 

(2) The voltage drop (Vloss) across LM317, D6, and R16 
is 4.25V minimum. The charging supply voltage must be 
greater than the following: 

Number of cells * max. cell voltage + Vloss 

The maximum allowable power loss across the LM317 
depends on the heat sinking. 


Table 5. Linear Regulator/Charge Controller Board Parts List 


Component Name 

Component Description 

Cl 

lOqF 50V electrolytic 

C2, C4, C5, C7, C8 

O.lpF ceramic 

C3 

IOjiF 7V electrolytic 

D1 

1N4148 or equivalent 

D2, D3 

HLMP 4700 red LED 

D6 

1N5400 

D7 

1N4001 

Q2,Q3 

2N3904 

R1 

63.4KD 1% LW or yJN carbon film 

R2 

6.04KI1 1% yW or %W carbon film 

R3 

30.1KQ 1% yW or carbon film 

R5, R6 

100KQ 5% yW or %W carbon film 

R7, R15 

10KT2 5% LW or %W carbon film 

R8, R9 

1.0KI2 5% yW or y£W carbon film 

RIO 

User-defined 5% carbon film 

R16 

IQ 1% 3W carbon film 

R17 

240£2 5% LW or %W carbon film 

R33 

510KD 5% l / A W or yJN carbon film 

RBI 

User-defined 1% yW or %W carbon film 

RB2 

User-defined 1% y A W or 34 W carbon film 

RT 

Negative temperature coefficient (NTC) thermistor (see Figure 9) 

RT1 

1 % y A W or carbon film (see Figure 9) 

RT2 

1 % yW or %W carbon film (see Figure 9) 

U1 

bq2003 

U2 

LM317T 

U3 

LM78L05ACZ 
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Regulated 

DC 


D1 

1N4148 


Cl 

IOjuF 


D7 RIO 



TM1 , TM2: To Vqq, Vss> or float as required. DIS: No connect. 

The R-C filters on MCV and TCO are recommended in noisy environments. 


*NTC, RT1, and RT2: Thermistor 

RT1 

RT2 

Keystone RL0703-5744-1 03-SI 

3.57K 

2.67K 

Philips 2322-640-63103 

3.65K 

2.80K 

Fenwal Type 16, 197-103LA6-A01 

3.65K 

2.80K 


FG200309.eps 



Figure 9. Linear Regulator/Charge Controller 
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Application Example 2: Gated External 
Current Source 

In the example in Figure 10, the bq2003 is used to gate 
an external current-limited or regulated charge source 
that can charge NiCd or NiMH cells. 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection is enabled (DVEN high), and discharge control 
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; HTF = 
47°C; TCO = 50°C; Tat (average AT/At) = 1.04°C/ minute. 
Timer-mode selection (see data sheet) and trickle resistor 
RIO selection (see page 7) are determined by the designer. 

Components to complete this schematic may be selected 
from these preceding tables: 


■ Table 1: Power switch Q1 

■ Table 2: BAT network RB 1 and RB2 values 

Table 5 contains the parts list for the board. 

Notes: (1) Temperature control and qualification may be 
disabled by tying pin TCO to Vss and fixing the voltage 
on pin TS to 0.1 *Vcc. 

(2) The charging supply voltage must be greater than 
the following: 

Number of cells * max. cell voltage + Vloss 


Table 6. Gated External Current Source Board Parts List 


Component Name 

Component Description 

Cl 

10pF 50V electrolytic 

C2, C4, C5, C7, C8 

O.lpF ceramic 

C3 

lOqF 7V electrolytic 

D1 

1N4148 or equivalent 

D2, D3 

HLMP 4700 red LED 

D6 

1N5400 

D7 

1N4001 

Ql 

User-defined pFET 

Q2 

2N3904 

R1 

63.4kQ 1% y 4 W or carbon film 

R2 

6.04kQ 1% y 4 W or yJN carbon film 

R3 

30.1k£l 1 % y 4 W or carbon film 

R5, R6 

lOOkQ 5% y 4 W or %W carbon film 

R7 

lOkQ 5% y 4 W or yjN carbon film 

R8, R9, R15 

lkQ 5% y 4 W or y^N carbon film 

RIO 

User-defined 5% carbon film 

RBI 

User-defined 1 % y 4 W or carbon film 

RB2 

User-defined 1% y 4 W or %W carbon film 

RT 

Negative temperature coefficient (NTC) thermistor (see Figure 10) 

RT1 

1% y 4 W or %W carbon film (see Figure 10) 

RT2 

1% y 4 W or %W carbon film (see Figure 10) 

U1 

bq2003 

U3 

LM78L05ACZ 
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Regulated 07 RIO 



TM1 , TM2: To Vqq, Vss» or float as required. DIS: No connect. 

The R-C filters on MCV and TCO are recommended in noisy environments. 


*NTC, RT1 , and RT2: Thermistor 

RT1 

RT2 

Keystone RL0703-5744-1 03-SI 

3.57K 

2.67K 

Philips 2322-640-63103 

3.65K 

2.80K 

Fenwal Type 16, 197-103LA6-A01 

3.65K 

2.80K 


FG200310.eps 


Figure 10. Gating External Current Source 
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Appendix A 

Determining Temperature- 
Control Component Values 

The bq2003 uses a negative temperature coefficient (NTC) 
thermistor to determine temperature. The AT/At sensitivity 
can be adjusted using different resistor values (RT1 and RT2 
in Figure 1 and Application Examples 1 and 2) and a different 
high-temperature cutoff voltage. Table A-l lists various ther- 
mistor manufacturers, with the appropriate part numbers. 

Follow these steps to determine temperature-control com- 
ponent values (see Figure 5 on page 6): 

la. The low-temperature fault (LTF) limit for charging 
must be established. LTF for charging is deter- 
mined by the battery specification and the charge 
rate used. A typical value for the low-temperature 
limit is 10°C. 

b. Vltf is set within the bq2003 at 0.4 * Vcc. 

2a. The high-temperature cutoff (TCO) for charging 
must be established. TCO for charging is deter- 
mined by the battery specification, the charge rate, 
and the heat dissipation of the system. Typical val- 
ues range from 40°C to 50°C, although values out- 
side this range may be applicable. 

b. The average AT/At sensitivity from LTF to TCO 
(Tat, expressed as °C/minute) for termination must 
be established. As mentioned in this application 
note, the bq2003 provides a typical AT/At charge termi- 
nation of 14 mV per minute. The Tat value is deter- 



Figure A-1. Resistor Network 


mined by the battery specification, the charge rate, 
and the heat dissipation of the system. Typical nomi- 
nal values for Tat range from 0.75°C/min to 
1.5°C/min. 

Relative to the average value Tat, the minimum- 
to-maximum range of AT/At at a specific tempera- 
ture depends on two parameters: 

■ The measurement resolution of the bq2003, 
which contributes a ±25% error. 

■ The non-linearity of the thermistor between 
LTF and TCO. As the temperature nears LTF, 
the expected AT/At is less than Tat (less 
sensitive), and as the temperature nears TCO, 
the expected AT/At is more than Tat (more 
sensitive). 

The AT/At range should be considered in determin- 
ing the nominal Tat. Nominal Tat should be se- 
lected so that its minimum value represents an ac- 
ceptable (non-premature) termination threshold. 
Thus a first bq2003 sample does not cause a pre- 
mature termination. Multiple sampling ensures 
that the termination occurs well before the Tat 
max. 

c. The high-temperature cutoff voltage, Vtco, must be 
established. This Vtco limit is determined by the T 
at and may be calculated by: 

Vtco = 2 * v <^ - 0.0028 * Vcc * (TCO - LTF)/T A t 

Vtco is provided at the TCO pin by a resistor- 
divider network as shown in Figures 9 and 10: 
Vtco = Vcc * R3 / (R1 + R2 + R3). In this arrange- 
ment, R1 and R2 are selected such that MCV = Vcc 
*(R2 + R3)/(R1 + R2 + R3). 

4. Select the thermistor to be used. If it is not from 
Table A-l, the thermistor sensitivity at 25°C should 
be at least -4% and the AR steps between 30oC and 
50oC should be comparable to or greater than those 
in Table A-l to obtain the appropriate accuracy. 
Lower values affect the linearity of the AT/At. 

5. Determine the thermistor resistance at LTF and 
TCO (Rltf and Rtco, respectively). This may be 
done using the thermistor temperature versus resis- 
tance conversion table provided with the thermistor 
specification. These tables are usually in 5°C incre- 
ments. 

6. The values for RT1 and RT2 may be calculated by: 

T1 = Rltf * (1 - (2 / Vcc)) / (2 / Vcc) 

T2 = Rtco *( 1 - (Vtco / (Vcc - Vsns))) / (Vtco / (Vcc - Vsns)) 
RT2 = ((T2 * Rltf) - (T1 * Rtco)) / (T1 - T2) 

RT1 = (RT2 * Tl) / (Rltf + RT2) 
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Table A-1. 10K NTC Thermistor Types and Resistance Values 


Temperature 

(°C) 

Nominal Resistance (Q) at Temperature 

Keystone Carbon Co. 
RL0703-5744-1 03-SI 
(Tel: 814/781-1591) 

Philips Components 
2322-640-63103 
(Tel: 407/743-2112) 

Fenwal Electronics 
Type 16; 197-103LAG- 
A01 

(Tel: 508/478-6000) 

Thermometries 
C100Y103J 
(Tel: 908/287-2870) 

-30 

188172 

173900 

177000 

- 

-25 

138043 

128500 

- 

- 

-20 

102263 

95890 

970700 

- 

-15 

76461 

72230 

- 

- 

-10 

57672 

54890 

55330 

- 

-5 

43864 

42070 

- 

- 

0 

33630 

32510 

32650 

29588 

5 

25988 

25310 

- 

23515 

10 

20243 

19860 

19900 

18813 

15 

15889 

15690 

- 

15148 

20 

12562 

12490 

12490 

12271 

25 

10000 

10000 

10000 

10000 

30 

8013 

8060 

8057 

8195 

35 

6461 

6536 

- 

6752 

40 

5241 

5331 

5327 

5593 

45 

4276 

4373 

- 

4656 

50 

3507 

3606 

3603 

3894 

55 

2894 

2989 

- 

3273 

60 

2400 

2490 

2488 

2762 

65 

2001 

2085 

- 

2342 

70 

1677 

1753 

1752 

1993.7 

75 

1412 

1481 

- 

1704.0 

80 

1194 

1256 

1258 

1462.0 

85 

1014 

1070 

- 

1259.1 

90 

865.2 

915.5 

917.7 

1088.3 

95 

741.0 

786.1 

- 

943.9 

100 

636.9 

677.5 

680.0 

821.4 
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Application Note Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

i 

13, 15 

Changed thermistor values on Figures 9 and 10 

Correction 

1 

12-15 

Added component R33 to Figure 9 and Table 5 and 
R33 and D17 to Figure 10 and Table 6 

Correction for cold tempera- 
ture charge initiation 

1 

15 

Corrected R1 value 

Was 6.34K; is 63.4K 

2 

13 

Corrected Rl, R2, and R3 labels 

Were all Rl 


Note: Change 1 = Dec. 1992 B changes from Oct. 1992 A. 

Change 2 = May 1999 C changes from Dec. 1992 B. 
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UNITRODE 


u-506 Step-Down Switching Current 



Regulation Using the bq2003 

Fast-Charge 1C 


Introduction 

This application note describes the use of the bq2003 
Fast-Charge IC as the modulator in a buck-type switch- 
mode regulator to fast charge NiCd and NiMH batteries. 
Please refer to the application note entitled “Using the 
bq2003 to Control Fast Charge” for a discussion of bq2003 
charge control operation and for descriptions of non- 
switch-mode applications that gate current-limited 
sources to control battery charging. 

Examples for additional applications are being developed. 
Please contact Unitrode if your application is not supported 
by one of these examples. 

The bq2003 is targeted for applications requiring state- 
of-the-art fast-charging performance at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/At (delta temperature/delta time) and -AV 
(negative delta voltage) that enable the user to take ad- 
vantage of advanced battery technologies such as nickel 
metal-hydride (NiMH) and high-capacity fast-charge 
nickel cadmium (NiCd). Systems using the bq2003 can 
be easily upgraded from NiCd batteries to NiMH batter- 
ies without system redesign. 

Background 

The bq2003 may serve as a controller to provide a switch- 
mode current source configuration for battery charging. 
Switch-mode current source regulation is much more effi- 
cient than linear current-limited regulators. 

The electrical and thermal requirements of the application 
determine the configuration used with the bq2003. If the 
charge supply is either current- or power-limited at a level 
compatible with fast charging the battery, switch-mode op- 
eration may not be needed. The use of a gated current con- 
figuration as described in “Using the bq2003 to Control Fast 
Charge” is most likely more economical. 

If the charge current in a switch-mode application is less 
than 3A, a p-channel MOSFET buck-type power stage is 
generally recommended. This is desirable because of the 
minimal number of support components required for the 
bq2003. If the switch-mode charge current is above 3 A, 
using an n-channel FET may be more economical. Several 
small signal support components must be added for gate 
drive of the n-channel MOSFET. 


Thermal packaging requirements are often the practical 
limits in electronic design. Basic thermal management 
or component thermal stress/reliability issues can affect 
an otherwise successful product. The use of switching 
power-conversion techniques results in dramatically less 
heat being generated in the product. 

A comparison of power loss demonstrates the advantage 
of switch-mode control versus linear control. Either may 
be used to charge a four-C-cell NiCd battery pack from a 
12V DC source at a rate of 2 A. Loss in the switch-mode 
circuit may be held below 2W, whereas loss in the linear 
circuit can be above 12W. 

Operational Aspects 

In Figures 1 and 2, the bq2003 MOD pin controls the 
switching transistor Ql. In the switch-mode operation, 
the SNS pin is driven by the high side of the sense resis- 
tor R26. The current waveform of the inductor is repre- 
sented by a voltage waveform across R26. MOD 
transitions from high to low after SNS ramps up to 
0.250V and from low to high after SNS ramps down to 
0.220V. This action sustains a self-referenced oscillation 
about these two thresholds. 

Both Vts and Vbat are referenced to Vsns by an internal 
A-to-D converter. For this reason, both the TS and BAT 
pins must be well-coupled to SNS using the associated ca- 
pacitors (C7 and C8) and resistors (R5 and R6). If the 
waveforms at TS and BAT are viewed with an oscilloscope, 
the AC content found at SNS is seen at TS and BAT. This 
is normal. 

A resistor (R7) is placed in series with the Q3 gate to 
drive a small signal-switching FET, Q3. Internal bq2003 
noise is lowered with this resistor in place. 

Vltf, Vhtf, and Vtco are voltage-reference points moni- 
tored on the TS pin to qualify charge initiation and ter- 
mination on temperature. Operation of the bq2003 in a 
non-switch-mode application is described fully in the ap- 
plication note entitled “Using the bq2003 to Control Fast 
Charge.” 

When the bq2003 is used as a switch-mode controller, 
the application of these reference points is somewhat 
different: 

■ Prior to charge initiation, Vsns = Vss. 

■ While charging, Vsns (average) = 0.235V. 
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Because the bq2003 internal A-to-D converter measures 
differentially between Vts and Vsns, component selection 
for temperature qualification of charge initiation must be 
done assuming Vsns = OV, and component selection for 
temperature qualification of charge termination must be 
done assuming Vsns = 0.235V. 

Vts is the voltage at the node of RT1, RT2, and the ther- 
mistor. The voltage is derived from reference Vcc (5V) by 
RT1 connected to Vcc and RT2 in parallel with the ther- 
mistor connected to SNS. Prior to charging, the voltage 
being divided is Vcc. When switching regulation is active, 
the bottom side of RT2 and the thermistor is biased posi- 
tively by 0.235V, reducing the reference voltage to 4.65V. 

Because Vtco and Vltf are both referenced to Vcc, Vts 
for a particular temperature represents a colder tempera- 
ture when the switch-mode is inactive than when the 
switch-mode is active. This effect could negate the HTF 
charge initiation qualification threshold. Vhtf is y 8 * Vltf 
+ y 8 * Vtco- Vtco is a threshold selected for use when the 
switch-mode is active. Vltf is internally fixed at 0.4* 
Vcc. The values of RT1, RT2, and the thermistor that de- 
fine the LTF temperature (charging off) also define the 
TOO temperature (switch mode on). The resulting HTF 
temperature with charging off approaches or may even be 
above the TCO temperature (switch mode on), limiting 
the usefulness of HTF to qualify the start of charge. 

The bq2003 bQuick™ design disk is available to optimize 
these component values and thresholds for specific appli- 
cation objectives. 

P-Channel MOSFET Buck- 
Topology Switch-Mode Charger 

In this example, the bq2003 is used to implement a 
switching regulator/charge controller that can charge 4 to 
12 NiCd or NiMH cells with current regulated up to 3A. 

Figure 1 is a standard configuration for a pFET switch- 
mode charger. MOD drives a small signal DMOS FET, 
Q3. When MOD is high, Q3 is on, turning on Q1 via the 
path through D8 and D9. 

LI inductor current ramps up linearly while MOD is 
high. LI current is in series with the battery and R26. 
The resulting voltage across R26, Vsns, is delivered via 
R4 to C6 at the SNS pin. The LI inductor current ramps 
up linearly until Vsns reaches 0.250V, at which time 
MOD goes low and Q1 turns off. A flux reversal occurs in 
LI, causing D10 to conduct. Charge is now being trans- 
ferred from LI into the battery. The LI current ramps 
down linearly until Vsns reaches 0.220V. At this point 
the cycle repeats with MOD going high. 


For input voltages that are higher than the rated Q1 safe 
operating gate voltage, Zener diode D9 can be placed in 
series with the drain lead of Q3. The Zener voltage 
should be sized to allow full Q1 enhancement while Q3 is 
conducting. See Table 1. 

Capacitor C9 is used to provide a low-impedance for the 
Q1 source lead. Without C9 in place, Q1 can be con- 
nected to an overly inductive voltage supply. D6 is a 

Table 1. Lookup Table for D9 Selection 


+VDC Input 
(Volts) 

Motorola 

Part No. 

Nominal Zener 
Voltage 

Below 15 

Shorted 

0 

15-18 

1N749 

4.3 

18-21 

1N755 

7.5 

21-24 

1N758 

10 

24-27 

1N964A 

13 

27-30 

1N966A 

16 

30-32 

1N967A 

18 

32-35 

1N968A 

20 


blocking diode that keeps the battery from discharging 
via U2 during removal of the DC power source input. 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection is enabled (DVEN high), and discharge control 
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; TCO = 
50°C; AT/At at 30°C = 0.82°C/min. (i.e., typical = 
1.10°C/min.). Timer-mode selection (see data sheet) and 
trickle resistor R10 selection (see page 2-85 of the appli- 
cation note entitled “Using the bq2003 to Control Fast 
Charge”) are determined by the designer. R26 is selected 
such that Ichg * R26 = 0.235V. 

The values of RBI and RB2 to complete this schematic 
may be selected from Table 2 in the application note enti- 
tled “Using the bq2003 to Control Fast Charge.” 

Note: Temperature control and qualification may be dis- 
abled by tying the TCO pin to Vss and fixing the voltage 
on the TS pin to 0. 1 * Vcc. 

Table 2 lists suggested components for different-rate 
chargers. Table 3 lists other components shown in Figure 1. 
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U2 

78L05 
IN OUT 
GND 


— 10KNTC* 


C2 

. R1 I0.1 
: 63 - 4 - 


bq2003 


C3 Q2 

J°M f 2N3904 


CCMD 

Vcc 

DCMD 

DIS 

DVEN 

MOD 

TMi 

CHG 

tm 2 

TEMP 

TS 

MCV 


TOO 

BAT 


v ss 

SNS 


D3 X R8 2KQ 

H Wv — 

HLMP4700 
Q2 ^ R9 2KQ 


□_ JL C5 

C4 y q.IjuF 

o-iMFJL d/ . 


ir R4 1 KQ 

ceT 

lOOOpF 


Battery Pack 


DIS: No connect. 
*NTC, RT1 , and RT2: 


Thermistor 


Keystone RL0703-5744-1 03-SI 
Philips 2322-640-63103 
Fenwal Type 16, 197-103LA6-A01 


RT1 RT2 

3.83K 2.94K 
4.02K 3.09K 
4.02K 3.09K 


FG200312.eps 


Figure 1. P-Channel MOSFET Switching-Mode Charger 
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Table 2. Suggested Components — P-Channel MOSFET Charger 


Suggested Max. 
Charging Current 

Q1 

D6 

DIO 

C9 

LI 

1A 

IRF9Z14 

1N4001 

1N5818 

ECA-1VFQ390 

39pF/35V/460mQESR 

30 turns, #26 AWG, wound on 
Magnetics, Inc., P/N 77040 core; 

nominal inductance 59pH; 
GFS Mfg., Inc, P/N 92-2156-1 

2A 

IRF9Z24 

1N5821 

1N5821 

ECA-1VFQ560 

56ftF/35V/300mQESR 

37 turns, #22 AWG, wound on 
Magnetics, Inc, P/N 77120 core; 
nominal inductance 98|xH; 
GFS Mfg, Inc, P/N 92-2157-1 

3A 

IRF9Z34 

1N5821 

1N5821 

ECA-1VFQ121 

12QuF/35V/170mQESR 

Source 

International 

Rectifier 

Motorola 

Motorola 

Panasonic 

GFS Mfg, Inc. 

Dover, NH 
(603) 742-4375 


Table 3. Other Components-^P-Channel MOSFET Charger 


Component Name 

Component Description 

Cl 

10jiF 35V electrolytic 

C2, C4, C5, C7, C8 

O.lpF ceramic 

C3 

lOpF 10V electrolytic 

C6 

lOOOpF ceramic 

Dl, D4, D5, D8 

1N4148 

D2, D3 

HLMP 4700 red LED 

Q2 

2N3904 

Q3 

2N7000 

Rl, R2, R3 

User-defined 1% %W or 

R4 

1KO 5% > 4 W 

R5, R6 

100KQ 5% y 4 W or y 8 W 

R7, R8, R9 

2K a 5% y 4 w or yyv 

R10, R26 

User-defined 

RBI 

User-defined 1% y 4 W or %W 

RB2 

User-defined 1% y 4 W or y 8 W 

RT1 

User-defined 1% y 4 W or yJN 

RT2 

User-defined 1% y 4 W or %W 

U1 

bq2003 

U2 

LM78L05ACZ 
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N-Channel MOSFET 
Buck-Topology Switch-Mode 
Charger 

The advantage of an n-FET buck topology is the price- 
versus-performance benefit of the n-FET family. The dis- 
advantage is the number of additional components re- 
quired to support it. 

The schematic in Figure 2 is a standard configuration for 
an nFET switch-mode charger that can charge 4 to 12 
NiCd or NiMH cells with current regulated up to 9A. The 
Q1 gate must be driven positive with respect to the drain 
in this application to provide full enhancement of the de- 
vice. When catch diode DIO is conducting, Cll is 
charged. When Q1 is conducting, Cll is charging CIO. 
This charge pump allows adequate voltage to drive Q1 
into full enhancement via Q5. As Q2 conducts, the Q1 
gate charge is depleted, causing Q1 to turn off. 


Charge is initiated on battery replaced or Vcc valid. -AV 
detection is disabled (DVEN low), and discharge control 
is disabled (DCMD low). MCV = 1.8V; LTF = 10°C; TCO = 
50°C; AT/At at 30°C = 0.82°C/min. (i.e., typical = 
1.10°C/min.). Timer-mode selection (see data sheet) and 
trickle resistor RIO selection (see page 2-85 of the appli- 
cation note entitled “Using the bq2003 to Control Fast 
Charge”) are determined by the designer. R26 is selected 
such that Ichg * R26 = 0.235V. 

The values of RBI and RB2 to complete this schematic 
may be selected from Table 2 in the application note enti- 
tled “Using the bq2003 to Control Fast Charge.” 

Note: Temperature control and qualification may be dis- 
abled by tying the TCO pin to Vss and fixing the voltage 
on TS pin to 0. 1 * Vcc- 

Table 4 lists suggested components for different-rate 
chargers. Table 5 lists other components shown in Figure 2. 
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TZ? 

'J' lOOOpF 


DIS: No connect. 
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Thermistor RT1 RT2 

Keystone RL0703-5744-1 03-SI 3.83K 2.94K 

Philips 2322-640-63103 4.02K 3.09K 

Fenwal Type 16, 197-103LA6-A01 4.02K 3.09K 
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Figure 2. N-Channel MOSFET Switching-Mode Charger 
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Table 4. Suggested Components — N-Channel MOSFET Charger 


Suggested Max. 
Charging Current 

Q1 

D6 

DIO 

C9 

LI 

3A 

IRFZ34 

1N5821 

1N5821 

ECA-1VFQ121 

120|iF/35V/170mQESR 

37 turns, #22 AWG, wound on 
Magnetics, Inc., P/N 77120 core; 
nominal inductance 98|iH; 
GFS Mfg., Inc., P/N 92-2157-1 

6A 

IRFZ44 

MBR735 

MBR735 

ECA-1VFQ391 

39fyF/35V/55mQESR 

33 turns, #18 AWG, wound on 
Magnetics, Inc., P/N 77310 core; 
nominal inductance 98jiH; 
GFS Mfg., Inc., P/N 92-2158-1 

9A 

IRFZ48 

MBR1035 

MBR1035 

ECA-1VFQ681 

680|xF/35V/34m£2ESR 

25 turns, #16 AWG, wound on 
Magnetics, Inc., P/N 77930 core; 
nominal inductance 98jiH; 
GFS Mfg., Inc., P/N 92-2159-1 

Source 

International 

Rectifier 

Motorola 

Motorola 

Panasonic 

GFS Mfg., Inc. 

Dover, NH 
(603) 742-4375 


Table 5. Other Components — N-Channel MOSFET Charger 


Component Name 

Component Description 

Cl 

lOpF 35V electrolytic 

C2, C4, C5, C7, C8, CIO, Cll, C12 

O.ljiF ceramic 

C3 

IOjllF 10V electrolytic 

C6 

lOOOpF ceramic 

Dl, D12, D14, D15, D16 

1N4148 

D2, D3 

HLMP 4700 red LED 

D13 

1N759 12V 500mW Zener 

Q2, Q3 

2N7000 

Q5 

VP01A 

Rl, R2, R3 

User-defined 1% y d W or %W 

R4 

1KX2 5% y A W or %W 

R5, R6 

1001 in 5% y A Vf or yjN 

R7, R8, R9 

2KQ 5% y A W or %W 

RIO, R26 

User-defined 

R28 

2.7KD 5% y A W or %W 

R29, R31 

47KH 5% y A W or i/«W 

R30 

470KQ 5% yW or i/ R W 

R32 

100KX2 5% i/ 9 W or i/«W 

RBI 

User-defined 1% LW or %W 

RB2 

User-defined 1% KW or %W 

RT1 

User-defined 1% LW or ^W 

RT2 

User-defined 1% LW or %W 

U1 

bq2003 

U2 

LM78L05ACZ 
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Operating Switching Frequency 

During Q1 on-time, the LI current ramps up linearly. 
During Q1 off- time (DIO conduction), the LI current 
ramps down linearly. The rate of rise and fall (slew rate) 
of LI current is determined by the inductance value of LI 
and the DC voltage placed across LI. The slew rate is 
usually different between Q1 conduction time and DIO 
conduction time. This is because the DC voltage across 
LI is usually different during these two timing intervals. 

The sum of these two timing intervals equals the switching 
period. The switching period reciprocal equals the switching 
frequency. 

Use the following equation to estimate the switching frequency. 

F = 

1 

y ,0.030V, T ,0.030V, 

J-j v— — ) -Li v— — ) 

h SNS + h SNg 

Vdc ~ (V BAT + V SNS + D6 W + Q1 drop ) V bat + V SNS + D10 w 
where: 


F 

Frequency in Hertz 

L 

LI inductance in Henry s 

D6vf = 

D6 average forward voltage drop 

DIOvf = 

D10 average forward voltage drop 

Rsns = 

R26 value in ohms 

Q1drop= 

Charge current times Q1 on-state- 
resistance 

(°' 235 % sns ) QIrdson 

Vdc = 

Input DC voltage 

Vbat = 

Battery pack instantaneous voltage 


Charge Current Regulation 
With Varying System Loads 

Systems with an integrated charger and a constant-power 
external supply may not be capable of fast charging the bat- 
teries while simultaneously supporting system operation. In 
such cases the system operation takes priority, and the peak 
system energy demand must be supported. 

In this situation, the charger designer has two options re- 
garding charge during system operation: 

1. The battery charging current may be held constant 
at a low level that is supportable during peak sys- 
tem operation loads. During periods of low system 
power demand, available power is not used. The 

8/16 


charge time during system operation is typically 
quite long. 

2. The battery charging current may be allowed to 
vary inversely with the system load. As the system 
power demand decreases, the charge rate increases 
and vice versa. For portable systems with varying 
load requirements (such as those using “power 
management”), this allows any surplus power dur- 
ing low system activity to be used for battery charg- 
ing. The charge time during system operation de- 
pends on the average system power requirement, 
not the peak requirement. 

Option 1 may be implemented when using the bq2003 as 
the charge current regulator by using the system Vcc as 
an “INHIBIT” signal to pull pins BAT and TS high when 
the system is on. (See Figures 1 and 2 and the System- 
Controlled Charge Inhibition discussion in “Using the 
bq2003 to Control Fast Charge.”) When the system is on, 
fast charge is inhibited. The only charge path is the 
trickle resistor. 

Option 2A may be implemented using the bq2003 as the 
charge current regulator with the system load return at 
the high end of the sense resistor R26 (Figure 3). AT/At 
charge termination is enabled and -AV termination is dis- 
abled. 

With a battery pack cell voltage > IV per cell, the system 
load always receives its required current. The system 
load current flows through R26 along with the battery 
charge current. The battery receives any difference be- 
tween the programmed charge current and the system 
load current. If the system load current exceeds the pro- 
grammed charge current, then no charge current will be 
delivered to the battery. The system load current biases 
the SNS voltage via R26, which limits the buck regula- 
tor's current delivered to the battery. The total available 



Figure 3. Option 2A 
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power may be allocated between the battery charge and 
system operation such that power used = (Ichg + Idc) * 
Vbat. 

Using this method, the sense resistor R26 and its associated 
energy penalty are not in the battery discharge path. The 
charge current is regulated in a variable fashion such that 
R26 * (Ichg + Idc) = 0.235V. 

Charge current regulation may occur until Idc * R26 
> 0.250V. Above this point, the MOD output is held low 
(off). When actively switching, the MOD frequency re- 
mains very nearly constant. 

If the battery voltage is extremely low, the bq2003 does 
not begin charging until the battery trickle charges to IV 
per cell. This protects the system voltage from being 
pulled down to an inoperable range by a very low battery. 

-AV is disabled to prevent false terminations due to the 
varying charge current and the battery's internal imped- 
ance. Slight but significant voltage perturbations at Vbat 
can cause a false -AV charge termination during variations 
in battery charge current in this configuration. AT/At, how- 
ever, is not affected by variations in charge current because 


the battery's physical mass has a relatively slow time 
constant that naturally integrates all variations. 

Switch SI is turned on for battery operation and off dur- 
ing charge. Switch SI is driven by appropriate logic de- 
fined by the needs of the application. The presence or 
absence of an input DC power source could control this 
logic. A Schottky diode is a simpler alternative to SI, but 
the voltage drop may not be desirable. 

Option 2B is another variable charge rate approach (Fig- 
ure 4). This option may be preferred if the available 
power is considerably more than the maximum Ichg * 
Vbat (ignoring voltage loss). In the first approach, the 
system load return is to the high end of the sense resistor 
R26, limiting the power used to approximately (Ichg + 
Idc) * Vbat, with Ichg = 0 when Idc > maximum Ichg. 

For this second approach to use all the available power, 
the system load return is at the low end of the sense re- 
sistor. This accomplishes the fastest possible charge dur- 
ing system operation, but carries a penalty during 
battery operation because of the energy and voltage loss 
from discharge through the sense resistor (or the cost and 
impedance of a switch to bypass the sense resistor). 



OS200315.eps 


Figure 4. Option 2B 
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Layout and EMI 
Considerations 

The best approach to PC board layout follows the strict 
rule of a single-point ground return. Sharing high cur- 
rent ground with small signal ground causes undesirable 
noise on the small signal nodes. Referencing Figures 1 
and 2, C2 and C3 should be placed as close as possible to 
the Vcc pin. C6 should be placed at the SNS pin. C7 and 
C8 should be associated between the TS/SNS and the 
BAT/SNS pins, respectively, with short leads. Isolation re- 
sistors R5 and R6 should be placed close to the BAT and 
TS pins. 


Layout of power components C9, DIO, LI, Ql, and R26 
should reduce lead-length paths between these components 
to an absolute minimum. 

If a dual-layer PC board is used, route signal lines on the 
solder side. This leaves the component side to be used as 
a ground plate. This technique reduces noise on adjacent 
nodes within the circuit and helps reduce EMI by giving 
the high-energy fields a ground plane to work against. 

P-FET and N-FET Layout Examples 

Figures 5-7 illustrate the layout of the p-channel MOS- 
FET switch-mode charger board, and Figures 8-10 illus- 
trate the layout of the n-channel MOSFET switch-mode 
charger board. 
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P-CHANNEL MOSFET SWITCHING-MODE CHARGER 
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Figure 5. P-Channel MOSFET Switching Charger — Silkscreen 
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Figure 6. P-Channel MOSFET Switching Charger — Component Side 
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Figure 9. N-Channel MOSFET Switching Charger — Component Side 
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DN-502 High-Side Current Sensing 



UNITRODE 


With Unitrode’s Benchmarq 
Fast-Charge Control ICs 


Introduction 

A low-side, current-sensing resistor in a fast-charge 
control circuit generates a small voltage drop between the 
low side of the battery pack and ground. This drop is not 
a problem in most cases; however, some applications, 
particularly mobile communications circuits, are 
intolerant of any potential difference between the low 
side of the battery pack and ground. Using a few 
additional components in the circuit, high-side current 
sensing solves this problem and allows the charging 
source, application circuit, and battery pack to share a 
common ground. 

Circuit Implementation 

In a high-side sensing application, the sense resistor (Ri, 
usually 10-lOOmQ) is between the inductor and the posi- 
tive battery-pack terminal. (See Figure 1.) The negative 
pack terminal is connected to ground. The voltage across 
Ri is translated to a ground-referenced signal for presen- 
tation at the current-sense pin of the fast-charge control 
IC by two PNP small signal transistors (Ql, Q2) that 
form a “voltage mirror.” The mirror reflects the voltage 
across Ri onto the much larger lkQ resistor R 2 in the 
emitter of PNP transistor Q2. The collector current of Q2 
(the “sense-resistor signal current”) will recreate the 
sense-resistor voltage each time it is passed through a 
lkQ resistor (R3 and R 4 ) referenced to ground. 

The mirror’s transistor pair is biased by a current sink 
formed by an NPN transistor (Q3) with its base at Vcc 
and its emitter connected to ground through an 18kQ re- 
sistor (R 5 ). This arrangement assures that (1) the battery 
will not be loaded by the bias network when power is not 


applied, and (2) the best voltage compliance will occur at 
the regulated value of charging current. 

The inputs to both the pack-voltage monitoring pin (BAT) 
and temperature sensing pin (TS) of the fast-charge con- 
trol IC must be translated up in voltage by the sense re- 
sistor voltage in order to simulate the fast-charge control 
chip’s accustomed low-side sensing environment. 

For the TS input, the sense-resistor signal current is in- 
tercepted by the emitter of another PNP transistor (Q5), 
the base of which is biased to the thermistor connection 
point. The lkQ resistor (R3) in the emitter path of Q5 
creates a voltage equal to the sense-resistor voltage plus 
the base-emitter drop of Q5. Buffering this point with a 
complementary NPN transistor (Q4) subtracts this base- 
emitter drop and leaves the proper signal level to be ap- 
plied to the TS input. Q4 requires a load: the lOkQ resis- 
tor (Re) to ground in its emitter path. 

Having flowed through Q5 and its emitter resistor, the 
sense resistor signal current now flows through the lkQ 
resistor (R 4 ) in Q5’s collector to ground, re-creating the 
voltage across the sense resistor (Ri) for the SNS input. 

BAT input-voltage is translated by connecting the bat- 
tery pack voltage-divider pair between the high side of 
the sense-resistor and the SNS input. This configuration 
allows the BAT input to ride on top of the sense resistor 
voltage at SNS. The total bias current of the battery di- 
vider network must not significantly disturb current reg- 
ulation; a bias current of lOpA or less will contribute less 
than 4.3% error in this example circuit. 

The principles of operation of this circuit can be applied 
to all of Unitrode’s Benchmarq Fast-Charge Control ICs. 
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Figure 1. High-Si 
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U-507 Using the bq2005 
to Control Fast Charge 



Introduction 

This application note describes the use and functions of the 
bq2005 controlling a current source to fast charge NiCd or 
NiMH batteries. The bq2005 may also serve as the modu- 
lator for a switching-mode constant-current regulator to 
provide an efficient charge current source. Examples il- 
lustrate the ease with which the bq2005 is incorporated 
into applications. 

The bq2005 is targeted for applications requiring state- 
of-the-art dual-battery fast-charging at minimal cost. It 
provides sophisticated full-charge detection techniques 
such as AT/At (delta temperature/delta time) and -AV 
(negative delta voltage) that enable the user to take ad- 
vantage of advanced battery technologies such as nickel 
metal-hydride (NiMH) and high-capacity fast-charge 
nickel cadmium (NiCd). Systems using the bq2005 can 
be easily upgraded from NiCd batteries to NiMH batter- 
ies without system redesign. 

Background 

A significant advantage of the bq2005 over other fast- 
charge solutions is the use of AT/At and/or -AV as the pri- 
mary decisions for fast-charge termination. AT/At detec- 
tion is one of the most sensitive and reliable methods for 
fast-charge termination when charging NiMH and NiCd 
batteries. Near full charge, the temperature rise begins 
to accelerate. The AT/At decision typically precedes the 
peak voltage, allowing for minimal overcharge stress. 
The AT/At method also tolerates varying rates of charge, 
which may be desirable when charging during system op- 
eration. 

Compared to the AT method, which uses two sensors to 
monitor battery temperature and ambient temperature, 
the AT/At method uses a single thermistor to monitor the 
rate of temperature increase. This approach is more 
sound in cases when the initial battery temperature may 
be significantly different from the ambient temperature. 
This AT/At termination decision can easily be disabled. 

An input from a battery voltage divider enables the 
bq2005 to detect -AV, which is a very reliable charge ter- 
minator for NiCd batteries and most NiMH batteries, de- 
pending on the application. -AV detection in the bq2005 
may be temporarily disabled during periods when the 
charge current fluctuates greatly or during the beginning 
of a fast charge to eliminate false peaks. -AV termination 
is logic-level selectable without affecting other termina- 
tion choices. 


To help ensure safety for the battery and system, fast 
charging may also be terminated at a high-temperature 
cutoff threshold (TCO), a safety time period, or a maxi- 
mum cell voltage threshold (MCV). To avoid possible 
premature fast-charge termination when charging bat- 
teries after long periods of storage, the bq2005 disables 
-AV detection during a short “hold-off” period at the 
start of fast charge. This hold-off period is configured 
as described in the bq2005 data sheet. 

The bq2005 may be configured to have two or three 
charge stages. In a two-stage configuration, the fast- 
charge stage controlled by the bq2005 is preceded and fol- 
lowed by a pulse-trickle charge at a rate controlled by the 
programming pins of the bq2005. In a three-stage con- 
figuration, the fast charge is followed by a top-off charge 
stage at y 8 the fast charge rate. This allows the battery to 
be quickly and safely brought to a full charge state. Fol- 
lowing top-off, a trickle charge at a pulsed rate equivalent 
to %4 is supplied to the battery to compensate for self- 
discharge 

Basic Charge-Control Operation 

Three detailed applications follow this section. One pro- 
vides direct control of a linear regulator, and the other 
two provide switch-mode current rgulation. 

Gating Current 

Figure 1 shows an example of external source gating. 
With SNS tied to Vss, the bq2005 enables charge current 
to the battery by asserting MOD at the start of charge and 
maintaining this state until charge is terminated. In this 
example, Rl, Q2, R4, R5, R6, and Q1 form the switching 
circuit. MOD drives Q2 into conduction — saturating Ql. 

The current-handling capability of this circuit depends on 
the components selected to perform the switching and 
current-regulation functions. Table 1 shows some sug- 
gested component combinations for corresponding cur- 
rents. 

The voltage-boost circuit shown in Figure 1 is necessary to 
keep the voltage on either BATa or BATb above MCV while 
the other battery is charging (assumes only one battery is 
inserted). This implementation is limited to 15V DC. 
Please contact Unitrode’s Applications Group for assistance 
with other input voltage configurations, or for alternative 
methods. 
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VSOURCE 1 IREG| - # 

bq2005 

V CC — Vcc MOD A)B R6 

bat A)B 


ts A,B 

~r ci R3 

V SS SNS A ,b ^ v cc 


R4 S RBI 



LMC555 

RST 

Vdd 

CON 

OUT 

TRIG 

DIS 

THRES 

GND 


1N4148 

1N5245 


Figure 1. Gated External Source (Bipolar Switch Option) 


Table 1. Suggested Component Combinations 

Q 
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Charge Initiation 

Charge may be initiated by applying power to the IC or 
by battery insertion. Charge initiation by application 
of power to the IC works as follows: When Vcc is ap- 
plied, the bq2005 is held in reset for approximately one 
and one-half seconds. At the end of the reset period, a 
charge cycle initiates as soon as conditions allow. If 
both batteries are present, fast-charging battery B 
takes precedence over charging battery A. If battery A 
is inserted while fast charge is pending on battery B, 
the bq2005 trickle charges both batteries, and then fast 
charges battery B after conditions allow. If battery B is 
inserted while fast charge is pending on battery A, the 
bq2005 trickle charges both batteries, and then fast 
charges battery B when conditions allow. 

Charge initiation on battery replacement relies on the 
BATa,b pin voltage being greater than MCV in the ab- 
sence of a battery, and falling below MCV when the bat- 
tery is connected. To ensure this condition, pull-up 
resistors from BATa, b+ (positive pack terminals) to the 
charging voltage source (Vdc in step-down regulators, the 
boosted charging voltage in step-up regulators) are sized 
to elevate the empty battery location voltage on the 
BATa,b pins such that MCV is exceeded. 

When the battery is replaced, the voltage on BATa,b 
should fall below MCV, at which time a charge cycle initi- 
ates as soon as conditions allow. 

Table 2, Charge Action Truth Table, describes the bq2005 
charge actions under a variety of battery and charge states. 

Discharge-Before-Charge 

It may occasionally be desirable to discharge the battery 
to a known voltage level prior to charge. The reason for 
this may either be to remedy a voltage-depression effect 
found in some NiCd batteries or to determine the battery's 
charge capacity. 

Figure 2 illustrates t he imp lementation of this func- 
tion for battery A. If DCMDa is directly connected to 
Vss, automatic discharge-before-charge is enabled 
with battery replaced or applicatio n of po wer to the 
bq2005. A negative strobe signal on DCMDa also initi- 
ates discharge-before-charge. This function takes 
precedence over a charge action and commences 
immediately when conditions warrant, forcing 
DISa to a high state until the voltage sensed on 
BATa falls below Vedv (0.475 * Vcc). Charging be- 
gins as soon as conditions allow. 

Care should be taken not to overheat the battery during 
this process; excessive temperature is not a condition that 
terminates discharge. 

Note: Because Vsns may be above Vss in bq2005 switching 
regulation applications, the internal battery voltage moni- 


Table 2. Charge Action Truth Table 


Vcc 

BATa 

BAT b 

Charge Action 

0— >5V 

V 

V 

Fast charge B, pend A 

0— >5V 

V 

N 

Fast charge A 

0— >5V 

N 

V 

Fast charge B 

5V 

t 

F 

Fast charge B, pend A 

5V 

T 

L 

Trickle A and B, fast charge 

B and pend A when condi- 
tions allow 

5V 

L 

T 

Trickle A and B, fast charge 

B and pend A when condi- 
tions allow 

5V 

F 

t 

Fast charge A, pend B 

5V 

D 

L 

Trickle A, trickle B 

5V 

L 

D 

Trickle A, trickle B 

5V 

D 

V 

Fast charge B, pend top-off A 

5V 

V 

D 

Fast charge A, pend top-off B 

5V 

D 

D 

Top off B, trickle A, then 
top off A, trickle B 

5V 

D 

t 

Abort top-off A 

5V 

t 

D 

Abort top-off B 

5V 

T 

L 

Trickle A, trickle B 

5V 

L 

T 

Trickle A, trickle B 

5V 

T 

V 

Fast charge B, pend trickle A 

5V 

V 

T 

Fast charge A, pend trickle B 

5V 

T 

T 

Trickle A, trickle B 

V = Battery inserted and valid charge conditions: 

0.475 * Vcc ^ Vcell ^ 0.95 * Vcc 

0.4 * Vcc ^ Vts ^ Vhtf 

L = Battery inserted and outside temperature 

limit or below Vedv. 

N = Battery removed: Vcell > 0.95 * Vcc 

F = Fast charge 

D = Top-off 

T = Trickle 

T = Battery insertion: Vdiv transitioning from > 

0.95 * Vcc to Vcell ^ 0.95 * Vcc 


toring uses Vbat - Vsns, or Vcell. This battery voltage 
monitoring Vcell maintains a representative comparison 
voltage independent of any current through Rsns- 
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Discharge Network for Use 
with a bq2005-Controlled 
Switching Current Supply 



Charge Current Source 


FG200506.eps 


Figure 2. Battery Conditioning Network 


The discharge-before-charge function is ignored or termi- 
nated when Vbat - Vsns > Vmcv (battery remove d). If th e 
discharge-before-charge function is not desired , DCMDa 
should be tied to Vcc or left floating. DCMDa is inter- 
nally pulled up to Vcc. 

Configuring the BATa,b Inputs 

The bq2005 uses the battery voltage sense input on the 
BATa,b pins to control discharge-before-charge, qualify 
charge initiation, terminate charge at an absolute limit, 
and facilitate negative delta voltage (-AV) detection. 

Vbat may be derived from a simple passive network 
across the battery. As shown in Figure 1, resistors RBI 
and RB2 are chosen to divide the battery voltage down to 
the optimal detection range, which is between Vmcv and 
Vedv (0.475 * Vcc ^ Vdiv ^ 0.95 * Vcc). 

For NiCd and NiMH batteries, the battery terminal voltage 
is divided down to this potential per the following equation: 

RBI = N 
RB2 2.375 

where N = number of cells, RBI is the resistor connected 
to the positive battery terminal, and RB2 is the resistor 
connected to the negative SNSa,b pins. 

Although virtually any value may be chosen for RBI and 
RB2 due to the high input impedance of the BATa,b pin, 
the values selected must not be so low as to appreciably 
drain the battery nor so large as to degrade the circuit's 
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noise performance. Constraining the source resistance as 
seen from BATa,b between 20KQ and 1MQ is accept- 
voltage protection is accomplished by comparing Vcell 


Table 3. Suggested RBI and RB2 
Values for NiCd and NiMH Cells 


Number of Cells 
(Vbat Divisor) 

RBI 

RB2 

3 

137 KQ 

523 KQ 

4 

357 KQ 

523 KQ 

5 

309 KQ 

280 KQ 

6 

301 KQ 

196 KQ 

7 

316 KQ 

162 KQ 

8 

649 K£2 

274 KQ 

9 

383 KQ 

137 KQ 

10 

442 KQ 

137 KQ 

12 

412 KQ 

102 KQ 

14 

499KQ 

102 KQ 

16 

649 KQ 

113 KQ 
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to the internal MCV reference. If Vcell becomes greater 
than Vmcv, t hen chargi ng, top -off, and trickle charge ter- 
minate, and CHa,b and FCCa,b outputs are high imped- 
ance. 

A typical MCV value equates to 2.0V per cell. To detect 
the presence of a battery, the DC supply voltage must be 
greater than 2.0 * N, where N is the number of battery 
cells. Battery packs with fewer than three cells require 
an external amplifier to use the bq2005 (see Figure 3). 


Temperature Sensing and the TCO Pin 

The bq2005 uses the temperature sense input on the 
TSa,b pins to qualify charge initiation and termination. A 
negative temperature coefficient (RNTC) thermistor ref- 
erenced to SNS and placed in close proximity to the bat- 
tery may be used as a temperature-to-voltage transducer 
as shown in Figure 4. This example shows a simple line- 
arization network constituted by RT1 and RT2 in con- 
junction with the thermistor, RT. If this temperature 
sensor is to be used for charge control, it should be in di- 
rect contact with the cells. 



r sns 



r sns 


One-Cell Configuration 


fa200507.eps 


Figure 3. Battery Cell Voltage Amplifier for Fewer Than Three Cells 



fq200508.eps 


Figure 4. Temperature Sense Inputs 
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Temperature-decision thresholds are defined as LTF 
(low-temperature fault), HTF (hot- temperature fault), 
and TCO (temperature cutoff). Charge action initiation is 
inhibited if the temperat ure is not within the LTF-to- 
HTF range. In this case, CHa,b is alternating high and 
low at a 4Hz rate, and charging does not initiate until the 
battery temperatures enter this range. 

Once initiated, charging terminates if the temperature is 
either less than LTF or greater than TCO. The bq2005 in- 
terprets the reference points Vltf, Vhtf, and Vtco as 
Vss-referenced voltages, with Vltf fixed at % Vcc and 
Vtco equal to the voltage presented on the TCO pin. See 
Figure 5. Note that since the voltage on pin TSa,b de- 
creases as temperature increases, vtco should always be 
less than % Vcc- Vhtf is set internally % of the way from 
Vltf to Vtco. The resistive dividers shown in Figure 4 
may be used to generate the desired Vtco. 

AT/At detection adds an additional constraint on the se- 
lection of temperature sense components. Detection oc- 
curs when the voltage TSa,b - SNSa,b declines at a rate 
between 0.0024 Vcc and 0.0040 Vcc per 68 seconds, with a 
nominal 5V Vcc producing a nominal detection rate of 
14mV/min (16mV/68sec). For example, assuming a 
l°C/min desired average AT/At detection rate (Tat), and 
minimum and maximum charge temperatures of 0° and 
40°C, respectively, Vtco equals: 

Vtco = (2 * Vcc/5) - (0.0028 * Vcc * (Ttco - 
Tltf)) 

= 2 - (0.014 * (40 - 0)) 

= 1.44V 

Table 4 shows the temperature control values that apply 
for the application example assuming the Philips ther- 
mistor. Appendix A explains the derivation of such com- 
ponent values. 



— V CC 

— 

— v LTF = 2/5 v C c 

7/8 



— v LTF = v LTF - 7/8 (v LTF - v TC o) 

1/8 



— Vtco User defined = voltage at TCO pin 

— 

— v ss 


FG200316.eps 


Figure 5. Temperature Reference Points 


New AT/At samples are processed every 34 seconds. To 
minimize the risk of premature termination, the design 
should be configured assuming a minimum charge cutoff 
rate of 0.0024 * Vcc, or 10.6mV per minute (at 25°C; Vcc 
= 5V). This is the lowest signal that may be recognized as 
meeting the decision threshold. Repeating samples cause 
a decision quickly as the voltage ramps between this 
minimum threshold and the nominal 14mV per minute. 
The system is self-compensating in that the thermistor 
provides increasingly overstated negative voltage change 
with increasing temperature, making the measurement 
more sensitive at higher temperatures. The last three 
columns of Table 4 are an example of this relationship. 


Table 4. Example Values, Temperature Sense Network 


LTF 

(°C) 

HTF 

(°C) 

TCO 

CO 

Vtco 

(V) 

RT1 

(K£i) 

RT2 

(KQ) 

Tat 

(°C/min) 

Minimum-to-Nominal 

AT/At Rate (°C/min) 

@ 25°C 

@ 35°C 

@ 45°C 

10 

44.4 

50 

1.303 

5110 

4120 

1.00 

0.75-1.00 

0.63-0.83 

0.56-0.74 


Notes: 1. Vsr = 0 V. 

2. Temperature control and qualification may be disabled by tying pin TCO to Vss and fixing the 
voltage on pin TSa,b to 0.2 * Vcc. 
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Vcc Supply 

The Vcc supply provides both power and voltage refer- 
ence to the bq2005. This reference directly affects the in- 
ternal time-base voltage measurements. 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = 5V. The 
oscillator varies directly with Vcc- If, for example, a 5% 
regulator supplies Vcc, the time-base could be in error by 
as much as 10%. 

For applications requiring even more cost-cutting meas- 
ures, using a Zener diode-resistor combination as the 
bq2005 power supply sacrifices very little accuracy and 
performance. To minimize +5V loading, LEDs are 
cascode-driven as shown in Figure 6. 


V CC 



Figure 6. Cascode-Driven LEDs 

The DC supply voltage, Vdc, must satisfy two require- 
ments: 

1. To support the bq2005 Vcc supply, Vdc must be 
adequate to provide for 5V regulation after the 
losses in the regulator and across D1 (Vdc ^ 7.7V 
using the 78L05). 

2. To support the proper charge operation and the 
rated current, Vdc must be greater than the 
number of cells * 2V + Vloss in the charging path. 

Battery Removal Detection 

An external 2K resistor in Figure 1 (lower left) is sized to 
pull BATa,b above MCV with the removal of the battery. 
The resistance of R7 should be selected to pull the battery 
sense pin above MCV and yet keep input current on 
BATa,b less than 20|iA. 

Top-Off Charge 

The top-off charge option allows for filling up the last 
fraction of capacity after the fast-charge phase has termi- 
nated. Top-off is needed for NiMH batteries, which accept 


charge poorly at charge states above 85%. Top-off occurs at a 
y 8 pulsed rate to prevent excess heat generation, and termi- 
nates after a period equal to the safety time-out. Top-off ter- 
minates if TCO or MCV is exceeded or if charge or discharge 
is initiated on the other battery. Top-off has a lower priority 
than charge; it pends until both batteries have been charged 
and then charges the batteries in sequence — first battery B 
and then batteiy A. 

Top-off is not recommended in applications where a bat- 
tery charge is re-initiated with extremely high frequency 
(many times per day); for example, when the unit is re- 
turned to the charge cradle after each short period of use. 
Top-off is also not necessary for NiCd batteries. 

-A Voltage Fast-Charge Detection 

-AV full-charge detection may operate in parallel with AT/At 
detection. If temperature control is disabled by design, then 
-AV should be enabled (DVEN tied to Vcc). If -AV is enabled, 
a constant-current charging source is required. Otherwise a 
drop in current may cause a false -AV determination. DVEN 
may change state at any time. 

Mode Selection Pins TMi and TM2 

These two pins are used to select the safety time-out (five 
selections, 23 to 360 minutes) and optional top-off charge 
(four selections, 23 to 180 minutes, equal to the safety 
time selection). 

The safety time-out should be selected to be longer than 
any reasonably expected charge time. The nominal 
charge time (Ah capacity/charge rate) should be in- 
creased to allow for both charge inefficiency and the fact 
that many batteries hold more than the rated charge. A 
safety time-out 1.3-1. 5 times the nominal time is nor- 
mally adequate (i.e., 90 minutes for a 1C charge). The 
safety time-out may be far in excess of the nominal 
charge time if temperature termination is enabled. 

Note: If the charge rate varies (such as fast charging 
during system operation using AT/At termination), then 
the safety time-out selection should allow for the slowest 
charges that may occur. The 180- or 360-minute selection 
may be appropriate. 

In addition to selecting the safety timer period and top- 
off enabled/disabled, TMi and TM 2 select the appropriate 
pulse trickle period. % 2 is recommended for NiCd cells, while 
% 4 is recommended for NiMH batteries. Top-off and pulsed 
trickle can be disabled by tying TMi and TM 2 low, selecting 
a six-hour charge time-out. TMi and TM 2 may be changed at 
any time during a charge cycle to select different conditions; 
however, changing them during charge may result in an in- 
determinate time-out period. TMi and TM 2 are held con- 
stant throughout the entire charge cycle. 
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System-Controlled Charge 
Inhibition 

System control of battery charging is best accomplished 
by driving the temperature and voltage s ense pins high, 
terminating or inhibiting charge. Driving INH voltage to 
Vss results in a transition at the BATa/b sense pin, termi- 
nating any fast charge, top-off, or trickle in process. When 
INH transitions to Vcc, charging is reinitiated if a bat- 
tery is present and within temperature and voltage lim- 
its. See Figure 7. 

Polarity Reversal Protection 

If the DC input has any risk of being accidentally connected 
with power (+) and ground (-) reversed, then the system in- 
put should include either a protection diode to protect 
against circuit damage or a diode bridge to provide both 
protection and operation. This also increases minimum in- 
put voltage for charger operation by IV to 2V. For maximum 
efficiency, a polyswitch may be used in combination with a 
suitably sized Schottky diode reversed across the electron- 
ics. 

Layout Guidelines 

PCB layout to minimize the impact of system noise on the 
bq2005 is important when the bq2005 is used as a switch- 
ing modulator, with a separate nearby switching regula- 
tor, or close to any other significant noise source. 

1. Avoid mixing signal and power grounds by using a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and associated 
traces should be kept isolated from the bq2005 and 
its supporting components. 

3. O.lpF and lOpF decoupling capacitors should be 
placed close together and very close to the Vcc pin. 



Figure 7. Inhibit Battery Charging Circuit 
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4. O.lpF capacitors and resistors forming R-C filters 
connected to pins BATa,b, TSa,b, and TCO should 
be as close as possible to their associated pins. 

5. Because the bq2005 uses Vcc for its reference, ad- 
ditional loading on Vcc is not recommended. 

6. Diode D1 (1N4148) is recommended for rectifica- 
tion and filtering. 

7. If the DCMDa input is electronically controlled, 
care should be taken to prevent noise-induced false 
transitions. 

8. For bq2005-modulated switching applications: 

■ A lOOOpF capacitor/lKQ resistor R-C filter 
should be as close as possible to the SNSa,b 
pins. 

■ The O.IjllF capacitors for BATa,b and TSa,b 
should be routed directly to SNSa,b and not to 
ground. 

Application Example 1 : Linear Regulator 

In the frequency-modulated example of Figure 8, the 
bq2005 is used to implement a linear regulator/charge 
controller that can charge 4, 5, 6, 8, or 10 NiCd or NiMH 
cells (selected by JP4 and JP5) by controlling the base 
drive to a series pass PNP transistor. The current must 
be limited to stay within the power dissipation of the 
transistor in free air or connected to an appropriately 
sized heat sink. Table 5 contains the parts list for the 
board. 

Charge is initiated on battery replacement or power-up. 
Jumper JP1 controls -AV detection: selecting Vcc enables 
-AV and GND disables it. Switch SW1 controls discharge 
of battery A. HTF = 48°C, TCO = 48°C, and LTF = 10°C 
for the component values listed in Table 6 for RTB1, 
RBT2, R5, and R6 with a Philips thermistor (Part No. 
2322-640-63103) with AT/At termination set for 
l°C/minute at 30°C. 

Safety time-out is selected by programming TM1 and TM2 
with jumpers JP2 and JP3, respectively. To customize the 
design for a specific application, ensure that the power com- 
ponents are rated for the stresses they must handle. 
Charge current is a function of RSa,b and an internal 
bq2005 threshold: 

T 0.225V 

ICHARGE « — 

The source power supply must provide sufficient voltage 
differential to the battery to account for losses in polarity 
protection diodes or resistive drops. 

The selection of component values for R13, R17, Cll, and 
C12 in this example affects the switching frequency of 
MOD and the delay to full current sense at the sense 
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pins of the bq2005. Although the effects on fast charge 
and top-off are minimal because the delay is small com- 
pared to the total time, the effect on pulse-trickle charge 
is significant. Transistors Q2 and Q4 may not turn on in 


some cases, which may be advantageous if no trickle 
charge is desired. 



Thermistor values 


__ The r mistor 

Keystone RL0703-5744-103-S1 
Philips 2322-640-63103 
Fenwal Type 16, 197-103LA6-A01 
Ozhumi 150-108-00(4) 

Semetic 103AT-2 


_RT1 _RT2_ 

3.83K 2.94K 

4.02 K 3.09K 

4.02K 3.09K 

4.64K 3.74K 

4.87K 4.02K 


BD-202 



Figure 8. Linear Regulator/Charge Controller 
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Table 5. Linear Regulator/Charge Controller Board Parts List 


Component Name 

Quantity 

Component Description 

Cl, C2 

1 

lOOOpF 25V aluminum (Cl is optional — not stuffed) 

C3 

1 

lOOuF 25V aluminum 

C5 

1 

100pF 6.3V aluminum 

C4, C6, C7, C8, C9, CIO, Cll, C12 

8 

O.ljiF ceramic 

D1 

1 

1N5400 

D2 

1 

1N4148 

D3, D4, D5, D6 

4 

HMLP-D150 HP LED 

Jl, J3 

2 

2-position terminal block 

J2 

1 

6-position terminal block 

JP1, JP2, JP3 

3 

3-pin single-row header 

JP4, JP5 

2 

12-pin dual-row header 

JP6 

1 

2-pin single-row header 

Q1 

1 

MTP3055EL FET 

Q2, Q4 

2 

2N3904 

Q3, Q5 

2 

TIP42 

Rl, R2, R3, R4 

4 

1MQ 5% LW 

R5 

1 

69.8102 1% V;W 

R6 

1 

30.1KD 1% i/.W 

R7, R8, R9, RIO, Rll, R12, 

R13, R15, R16, R17, R19 

11 

2102 5% > 4 W 

R14, R18, R20, R21 

2 

100Q 5% v„w 

RBA1, RBB1 

2 

150KQ 1% fcW 

RBA21, RBB21 

2 

221KH 1% LW 

RBA22, RBB22 

2 

137KO 1% y A w 

RBA23, RBB23 

2 

97.6102 1% JiW 

RBA24, RBB24 

2 

63.4102 1% i- 4 W 

RBA25, RBB25 

2 

46.4KD 1% 

RSA, RSB 

2 

0.2Q 1% 3W wirewound Dale LVR3 

RTA1, RTB1 

2 

4.53102 1% i/lW 

RTA2, RTB2 

2 

3.57KX2 1% LW 

SI 

1 

SPST momentary switch, Panasonic P8008S 

U1 

1 

bq2005 

U2 

1 

LM78L05ACZ 

Heatsink 

1 

Thermalloy 6298B 

Mounting kit 

2 

TO-220 

Socket 

1 

20-pin solder tail ICO-203-58-T 

PCB 

1 

DV2005L1 

Screws 

4 

6-32 thread x V 4 inch 

Legs 

4 

Stand-off yjnch 6-32 thread 
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Application Example 2: 

Single Magnetics Low-Cost 
Dual-Switching Charger 

Figure 9 illustrates a low-cost dual-sequential switching 
charger using a small, low Q inductor to speed up the bi- 
polar transistor commutation. Table 6 contains the parts 
list for the board. Bipolar transistors Q2 and Q5 are used 
to multiplex the energy stored in LI by the charger's 
charge cycles. 

Transistor Q3 is used to switch energy into LI from the 
power source. Low-Q inductor L2 helps to turn Q3 off to 
limit its power dissipation. This circuit has the advan- 
tage of using bipolar transistors with saturation voltages 
far below the IR drops of comparably sized p-channel 
MOSFETs. This also results in significant cost savings. 
Designers must use care in selecting Q3 for suitability as 
a switching transistor. The Zetex Super-E line is ideal for 
applications up to 3A. 

Layout guidelines are described on page 8. Possible lay- 
out concerns include: 

■ Diode D2 is installed to catch inductor energy in 
the event of battery removal during charge. 

■ Battery voltage differentials are applied to the 
base-emitter junctions of transistors Q5 and Q2 in 
the reverse direction. (Although the bq2005 will 
not charge a shorted battery, the design should en- 
sure that Q5 and Q2 are protected if the battery 
could be shorted during charge.) 

Q3 must be a high-speed switching transistor with suitably 
high Vce rating for the application. The ZTX789A has a 
breakdown rating of 25V and a continuous current rating 
of 3A. This transistor's high gain enables it to saturate to 
a very low Vce (< 0.25V) at 2A. The “on-time” power dis- 
sipation makes up most of the component power loss, but 
the switching loss must be added to give a complete pic- 
ture of the transistor's required power dissipation. 

A good switching transistor is gauged by its transition 
frequency (Ft) rating. A transistor with an Ft rating of 
>50MHz is a superior switching transistor for a switch- 
mode application, whereas a transistor with an Ft of 
10MHz may be usable. In this example, the ZTX789A 
has an Ft of 100MHz. Manufacturers sometimes cite 
turnoff time as a sum of storage and fall time; some cite 
these values independently. The turnoff time is impor- 
tant for frequency selection, but the fall time is critical to 
determine power dissipation. 


The influence of fall time on power dissipation can be es- 
timated using the following formula: 

Psw = F x T F x V IN x -L 

b 

where: 

Pg W = Power loss when switching 

F = Switching frequency 

Tf = Fall time 

Vin = Maximum input voltage 

Ip = Peak switching current 

Component power dissipation is the sum of Psw and Pon, 
which is estimated from the following formula: 


V R 


V, A 


where: 

Pon = Power dissipation when the transistor 
is on 

Vbat = Battery voltage 
Vin = Input voltage 

Vcesat = Maximum transistor saturation voltage 

Iav = Average battery charge current 

The Zetex E-line package can dissipate the heat resulting 
from this design in free air. 

Other switching transistors that may be useful in appli- 
cations up to 3A are the MJE210 and the D45H series 
transistors. Q2 and Q5 are selected for high HFE and 
low Vcesat. 
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Table 6. Single-Magnetics Low-Cost Dual-Switching Parts List 


Component Name 

Quantity 

Component Description 

Cl, C6 

2 

lOOOpF 50V ceramic 

C2, C3, C4, C5, C7, CIO, Cll, C12, C13 

9 

O.ljiF 50V ceramic 

C14, C15 

2 

O.OIjlxF 50V ceramic 

C8 

1 

IOjuF 35V aluminum 

C9 

1 

470pF 35V aluminum 

Dl, D9 

2 

1N4148 

D2 

1 

1N4001 

D3, D4, D5, D6 

4 

HMLP-D150 red HP LED 

D7, D8 

2 

1N5820 Schottky 

DIO 

1 

1N5231B Zener 

LI 

1 

200pH toroid inductor 

L2 

1 

lOfiH J.W. Miller 78F100J 

Ql, Q2, Q4, Q7, Q8 

5 

2N3904 

Q3 

1 

ZTX789A, Zetex high gain, med. power 

Q5, Q6 

2 

T106A1, Teccor 4A SCR 

Rl, RIO, R28, R31 

4 

2KO 5% y 4 W carbon film 

R2, R3, R26 

3 

1KO 5% y 4 W carbon film 

R4, R5, R6, R13 

4 

3300 5% yW carbon film 

R7, R8 

2 

0.130 5% 1W metal oxide 

R9 

1 

820 5% y 4 W carbon film 

Rll 

1 

115KO 1% y 4 W metal film 

R12 

1 

3090 1% y 4 W metal film 

R14, R16 

2 

4.53KO 1% y 4 W metal film 

R15, R17 

2 

3.57KO 1% y 4 W metal film 

R18, R20 

2 

IOOKO 5% y 4 W carbon film 

R19, R21 

2 

110KO 5% y 4 W carbon film 

R22, R23, R24, R25 

4 

1MKO 5% y 4 W carbon film 

R27, R29, R30, R32 

4 

IOKO 5% 34 W carbon film 

R33 

1 

5600 5% y^N carbon film 

U1 

1 

bq2005 
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Application Example 3: 

P-Channel MOSFET Buck-Topology 
Switch-Mode Charger 

In this example, the bq2005 is used to implement a 
switching regulator/charge controller that can charge 4 to 
10 NiCd or NiMH cells with current regulated up to 3A. 

Figure 10 is a standard configuration for a p-FET 
switch-mode charger. MOD drives a small signal DMOS 
FET, Q2/Q5. When MOD is high, Q2/Q5 is on, turning on 
Q4/Q7 via the path through D8/D12 and D 11/D 7. 

L1/L2 inductor current ramps up linearly while MOD is 
high. L1/L2 current is in series with the battery and RSA 
or RSB. The inductor current ramps up linearly until 
Vsns reaches 0.250V, at which time MOD goes low and 
Q4/Q7 turns off. A flux reversal occurs in L1/L2, causing 
D9/D13 to conduct. Charge is now being transferred from 
L1/L2 into the battery. The L1/L2 current ramps down 
linearly until Vsns reaches 0.20V. At this point the cycle 
repeats with MOD going high. 

For input voltages that are higher than the rated Q4/Q7 
safe operating gate voltage, Zener diode D7/D11 can be 
placed in series with the drain lead of Q2/Q5. The Zener 
voltage should be sized to allow full Q4/Q7 enhancement 
while Q2/Q5 is conducting. See Table 7. 

Capacitor C2 is used to provide a low-impedance for the 
Q2/Q5 source lead. Without C2 in place, Q2/Q5 can be 
connected to an overly inductive voltage supply. D1 is a 
blocking diode that keeps the battery from discharging 
via U2 during removal of the DC power source input. 

Charge is initiated on battery replaced or Vcc valid. -AV 
detection can b e enable d (DVEN high), and discharge con- 
trol is through DCMD (SW1 low). MCV = 1.8V; LTF = 


Table 7. Lookup Table for D7/D11 Selection 


+VDC Input 
(Volts) 

Motorola 

Part No. 

Nominal Zener 
Voltage 

Below 15 

Shorted 

0 

15-18 

1N749 

4.3 

18-21 

1N755 

7.5 

21-24 

1N758 

10 

24-27 

1N964A 

13 

27-30 

1N966A 

16 

30-32 

1N967A 

18 

32-35 

1N968A 

20 


10°C; TCO = 50°C; AT/At at 30°C = 0.82°C/min. (i.e., typical 
= 1.10°C/min.). Timer-mode selection (see data sheet) and 
resistor R15/R17 are determined by the designer. 
RSA/RSB is selected such that Ichg * RSA/RSB = 0.225V. 

The values of RBI and RB2 to complete this schematic 
may be selected from Table 3. 

Note: Temperature control and qualification may be dis- 
abled by tying the TCO pin to Vss and fixing the voltage 
on the TSa,b pins to 0.1 * Vcc. 

Table 8 lists suggested components for different-rate 
chargers. Table 9 lists other components shown in Figure 
10 . 


Table 8. Suggested Components — P-Channel MOSFET Charger 


Suggested Max. 
Charging Current 

Q4/Q7 

D9 / 

D13 

D10/ 

D14 

L1/L2 

1A 

IRF9Z14 

1N4001 

1N5818 

30 turns, #26 AWG, wound on Magnetics, Inc., 

P/N 77040 core; nominal inductance 59pH; 

GFS Mfg., Inc., P/N 92-2156-1 

2A 

IRF9Z24 

1N5821 

1N5821 

37 turns, #22 AWG, wound on Magnetics, Inc., 

P/N 77120 core; nominal inductance 98|llH; 

GFS Mfg., Inc., P/N 92-2157-1 

3A 

IRF9Z34 

1N5821 

1N5821 

Source 

International 

Rectifier 

Motorola 

Motorola 

GFS Mfg., Inc. 

Dover, NH 
(603) 742-4375 
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Table 9. Other Components — P-Channel MOSFET Charger 


Component Name 

Component Description 

Cl, C 2 

IOOOjliF 5V electrolytic 

C3 

100 |iF 25V electrolytic 

C4, C 6 , C7, C9, CIO, C 12 

O.lpF ceramic 

C5 

lOOpF 6.3V electrolytic 

C 8 , Cll 

lOOOpF ceramic 

D1 

1N5400 

D2, D 8 , D 12 

1N4148 

D3, D4, D5, D 6 

HLMP 4700 red LED 

D7/D11 

Optional Zener; see Table 9 

D9/D13 

1N5821 

D10/D14 

1N4001 

Q1 

TIP120 or MTP3055EL 

Q 2 , Q5 

2N7000 

Q3, Q 6 

2N3904 

Q4/Q7 

MTP23P06 

Rl, R 2 , R4, R5 

1MQ 5% / 4 W or y 8 W 

R3, R 6 

1KQ 5% %W 

R7, R 8 

User-defined 1% %W or 34 W 

R9, RIO, Rll, R12, R13 

2KO 5% y 4 W or 

R14/R16 

6 . 8 KQ 5% y 4 W or y 8 W 

RSA, RSB 

0.10 1% 3W 

RBA1, RBB 1 

150KH 1% > 4 W or y 8 W 

RBA2, RBB 2 

User-defined 1% %W or 

RTA1, RTB1 

User-defined 1% 34 W or 

RTA2, RTB2, R15, R17 

User-defined 1% %W or y 8 W 

L1/L2 

See Table 10 

U1 

bq2005 

U2 

LM78L05ACZ 
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U2 




Thermistor Values: Thermistor 


RT1 RT2 


Keystone RL0703-5744-1 03-SI 
Philips 2322-640-63103 
Fenwal Type 16, 197-103LA6-A01 
Ozhumi 150-108-00(4) 

Semetic 103AT-2 


3.83K 2.94K 
4.02K 3.09K 
4.02K 3.09K 
4.64K 3.74K 
4.87K 4.02K 


Notes: All 104 capacitors are 0.1 juF ceramic. 

All 1 02 capacitors are 0.001 /jF ceramic. resown.*. 

Notes: All 104 capacitors are O.lfiF ceramic. 

All 102 capacitors are O.OOIjiiF ceramic. 


Figure 10. P-Channel MOSFET Switching-Mode Charger 
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Appendix A 

Determining Temperature- 
Control Component Values 

The bq2005 uses a negative temperature coefficient (NTC) 
thermistor to determine temperature. The AT/At sensitivity 
can be adjusted using different resistor values (RT1 and RT2 
in Figure 1 and the application example) and a different 
high-temperature cutoff voltage. Table A-l lists various ther- 
mistor manufacturers, with the appropriate part numbers. 

Follow these steps to determine temperature-control com- 
ponent values (see Figure 6): 

la. The low-temperature fault (LTF) limit for charging 
must be established. LTF for charging is deter- 
mined by the battery specification and the charge 
rate used. A typical value for the low-temperature 
limit is 10°C. 

b. Vltf is set within the bq2005 at 0.4 * Vcc. 

2a. The high- temperature cutoff (TCO) for charging 
must be established. TCO for charging is deter- 
mined by the battery specification, the charge rate, 
and the heat dissipation of the system. Typical val- 
ues range from 40°C to 50°C, although values out- 
side this range may be applicable. 

b. The average AT/At sensitivity from LTF to TCO 
(Tat, expressed as °C/minute) for termination must 
be established. As mentioned in this application 
note, the bq2005 provides a typical AT/At charge 
termination of 14 mV per minute. The Tat value is 
determined by the battery specification, the charge 


rate, and the heat dissipation of the system. Typi- 
cal nominal values for Tat range from 0.75°C/min 
to 1.5°C/min. 

Relative to the average value Tat, the minimum- 
to-maximum range of AT/At at a specific tempera- 
ture depends on two parameters: 

■ The measurement resolution of the bq2005, 
which contributes a ±25% error. 

■ The non-linearity of the thermistor between 
LTF and TCO. As the temperature nears LTF, 
the expected AT/At is less than Tat (less 
sensitive), and as the temperature nears TCO, 
the expected AT/At is more than Tat (more 
sensitive). 

The AT/At range should be considered in determining 
the nominal Tat. Nominal Tat should be selected so 
that its minimum value represents an acceptable 
(non-premature) termination threshold. Thus a first 
bq2005 sample does not cause a premature termina- 
tion. Multiple sampling ensures that the termination 
occurs well before the Tat max. 

c. The high-temperature cutoff voltage, Vtco, must be 
established. This Vtco limit is determined by the T 
at and may be calculated by: 

Vtco = (2 * Vcc/5) - [(0.0028 * Vcc * 
(TCO - LTF)) / Tat! 

Vtco is provided at the TCO pin by a resistor-divider 
network as shown in Figures 8 and 9: Vtco = Vcc * 
R1/(R1 + R2). 

4. Select the thermistor to be used. If it is not from 
Table A-l, the thermistor sensitivity at 25°C should 
be at least -4% and the AR steps between 30°C and 
50°C should be comparable to or greater than those 
in Table A-l to obtain the appropriate accuracy. 
Lower values affect the linearity of the AT/At. 

5. Determine the thermistor resistance at LTF and 
TCO (Rltf and Rtco, respectively). This may be 
done using the thermistor temperature versus re- 
sistance conversion table provided with the ther- 
mistor specification. These tables are usually in 
5°C increments. 

6. The values for RT1 and RT2 may be calculated by: 

T1 = Rltf * (1 - (2 / Vcc)) / (2 / Vcc) 

T2 = Rtco * (1 - (Vtco / (Vcc - Vsns))) / (Vtco / (Vcc - Vsns)) 
RT2 = ((T2 * Rltf) - (T1 * Rtco)) / (T1 - T2) 

RT1 = (RT2 * Tl) / (Rltf + RT2) 



Figure A-1 . Resistor Network 
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Table A-1. 10K NTC Thermistor Types and Resistance Values 


Temperature 

fC) 

Nominal Resistance (Q) at Temperature 

Keystone Carbon Co. 
RL0703-5744-1 03-SI 
(Tel: 814/781-1591) 

Philips Components 
2322-640-63103 
(Tel: 407/743-2112) 

Fenwal Electronics 
Type 16; 1 97-1 03LA6-A01 
(Tel: 508/478-6000) 

Thermometries 
C100Y103J 
(Tel: 908/287-2870) 
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Display Mode Options 


Introduction 

The bq2007 Fast Charge IC provides flexibility with a wide 
variety of charge status monitor display mode formats. The 
bq2007 internal charge status monitor can be configured to 
support up to a seven-segment bargraph or a single BCD 
digit display The bargraph display indicates up to seven 
monotonic steps, whereas the BCD digit indicates ten steps 
of 10% increments. The bq2007 output drivers can 
direct-drive either LCD or LED interface levels. 

Display Driver Modes 

The bq2007 is designed to interface directly with LCD or 
LED type displays. The display driver mode is selected 
with the soft-programmed input MSEL and is independent 
of the state-of-charge monitor format or indications. The 
LED signal levels are driven when the MSEL soft- 
programmed input is pulled to Vcc at initialization. The 
output pin COM is the common-anode connection for LED 
SEGa-g. See Figure 1. 

The LCD interface mode is enabled when the MSEL 
soft-programmed input is pulled to Vss at initialization. 
An internal oscillator generates all timing signals re- 
quired for the LCD interface. Output pin COM is the 
common connection for static direct-driving of the LCD 
display backplane and is driven with an AC signal at the 


frame period. When enabled, each of the SEGa-g pins are 
driven with the correct-phase AC signal to activate the 
LCD segment. See Figure 1. 

Charge Status Indication 

Table 1 summarizes the bq2007 charge status display in- 
dications. The charge status indicators include the DIS 
output, which can be used to indicate the discharge state, 
the audio ALARM output, which indicates charge com- 
pletion and fault conditions, and the dedicated status out- 
puts, LEDi and LED 2 . 

Outputs LED i _2 have three display modes that are se- 
lected at initialization by the input pins DSELi and 
DSEL 2 . The DSELi and DSEL 2 input pins, when pulled 
down to Vss, are intended for implementation of a simple 
two-LED system, where LEDi indicates the precharge 
status (i.e., charge pending and discharge) and LED 2 in- 
dicates the charge status (i.e., charging and completion). 
DSELi pulled up to Vcc and DSEL 2 pulled down to Vss 
mode allows the implementation of a single tri-color LED 
such that discharge, charging, and completion each have 
a unique color. DSELi pulled down to Vss and DSEL 2 
pulled up to Vcc mode allows for fault status informa- 
tion. See Figure 2. 




LED Drive Configuration LCD Drive Configuration 


Figure 1. Display Driver Configurations 
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Single Two-LED Configuration 



Single Tri-Color LED Configuration 



Fault Status LED Configuration 

FG200705.eps 


Figure 2. Charge Status Display Configurations 


Table 1. bq2007 Charge Status Display Summary 


Mode 

Charge Action State 

LEDi 

led 2 

DIS 

ALARM 

DSELi = L 
DSEL 2 = L 
(Mode 1) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

1 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = H 
DSEL 2 = L 
(Mode 2) 

Battery absent 

0 

0 

0 

0 

Discharge in progress, pending 

1 

1 

1 

0 

Charging 

1 

0 

0 

0 

Charge complete 

0 

1 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = L 
DSEL 2 = H 
(Mode 3) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

Flashing 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

1 

0 

High tone 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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Audio Output Alarm 

The bq2007 audio alarm output generates an audio tone 
to indicate a charge completion or fault condition. The 
audio alarm output is a symmetrical duty-cycle AC signal 
that is compatible with standard piezoelectric alarm ele- 
ments. A valid battery insertion is indicated by a single 
3.5kHz beep of ^-second typical duration. The charge 
completion and fault conditions are indicated by a 9.5- to 
15-second high-tone sequence of ^-second typical dura- 
tion at a 2-second typical repetition rate. 

Charge Status Monitoring 

The bq2007 charge status monitor may display the bat- 
tery voltage or charge safety timer as a percentage of the 
full-charged condition. These options are selected with 
the MULT soft-programmed input pin. 

When MULT is pulled down to Vss, the battery charge 
status is displayed as a percentage of the battery voltage, 
and the single-cell battery voltage at the BAT pin is com- 
pared with internal charge voltage reference thresholds. 
When Vbat is greater than the internal thresholds of V20, 
V40, V60, or Vso, the respective 20%, 40%, 60%, or 80% dis- 
play outputs are activated. The battery voltage directly 
indicates 20% charge increments, while the 10% charge 
increments use a timer that is a function of the charge 
safety timer. 

When MULT is pulled down to Vss and when Vbat ex- 
ceeds V 20 during charging, the 20% charge indication is 
activated and the timer begins counting for a period 
equal to y 64 to of the charge safety time-out period. 
When the timer count is completed, the 30% charge indi- 
cation is activated. Should Vbat exceed V 40 prior to the 
timer count completion, the charge status monitor acti- 
vates the 30% and 40% indications. This technique is 
used for all the odd percentage charge indications to 
assure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
status monitor directly displays y 32 of the charge safety 
timer as a percentage of the full-charge time. This 
method is recommended over the voltage-based method 
when charging packs with different cell configuration (i.e. 
5-cell or 6-cell pack) where the battery terminal voltages 
will vary greatly between packs. This method offers an 


accurate charge status indication when the battery is 
fully discharged. When using the timer-based method, 
discharge-before-charge is recommended. 

During discharge with MULT pulled down to Vss, the 
charge status monitor indicates the percentage of the 
battery voltage by comparing Vbat to the internal dis- 
charge voltage reference thresholds. In BCD format, the 
discharge thresholds V80, V60, V40, and V20 correspond 
to a battery charge state indication of 90%, 70%, 50%, 
and 30%, respectively. In bargraph format, the same dis- 
charge thresholds correspond to a battery charge state 
indication of 90%, 60%, 40%, and 30%, respectively. Dif- 
ferences in the battery charge state indications are due to 
the finer granularity of the BCD versus the bargraph for- 
mat. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor BCD format displays the dis- 
charge condition, letter “d,” whereas the bargraph format 
has no indication. 

The charge status display is blanked during the charge 
pending state and when the battery pack is removed. 

Charge Status Display Modes 

The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 2. The display modes 
are a seven-segment monotonic bargraph or a seven- 
segment BCD single-digit format. When QDSEL is 
pulled down to Vss, pins SEGa-g drive the decoded seven 
segments of a single BCD digit display, and when QDSEL 
is pulled up to Vcc, pins SEGa-g drive the seven segments 
of a bargraph display. 

In the bargraph display mode, outputs SEGa-g allow op- 
tions for a three-segment to seven-segment bargraph dis- 
play. The three-segment charge status display uses 
outputs SEGb, SEGd, and SEGf for 30%, 60%, and 90% 
charge indications, respectively. The four-segment charge 
status display uses outputs SEGa, SEGc, SEGd, and 
SEGe for 20%, 40%, 60%, and 80% indications, respec- 
tively. The seven-segment charge status monitor uses all 
segments. See Figure 3. 

The BCD display mode drives pins SEGa-g with the de- 
coded seven-segment single-digit information. The dis- 
play indicates in 10% increments from a BCD zero count 
at charge initiation to a BCD nine count indicating 90% 
charge capacity. Charge completion is indicated by the 
letter “F,” a fault condition by the letter “E,” and the dis- 
charge condition by the letter “d.” See Figure 4. 
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Table 2. bq2007 Charge Status Display Summary 


Mode 

Display Indication 

SEGa 

SEGb 

SEG C 

SEGd 

SEGe 

SEGf 

SEGg 

QDSEL = H 

20% charge 

1 

0 

0 

0 

0 

0 

0 

30% charge 

1 

1 

0 

0 

0 

0 

0 

40% charge 

1 

1 

1 

0 

0 

0 

0 

60% charge 

1 

1 

1 

1 

0 

0 

0 

— 

80% charge 

1 

1 

1 

1 

1 

0 

0 

90% charge 

1 

1 

1 

1 

1 

1 

0 

Charge complete 

1 

1 

1 

1 

1 

1 

1 

QDSEL = L 

0% charge — digit 0 

1 

1 

1 

1 

1 

1 

0 

10% charge — digit 1 

0 

1 

1 

0 

0 

0 

0 

20% charge — digit 2 

1 

1 

0 

1 

1 

0 

1 

30% charge — digit 3 

1 

1 

1 

1 

0 

0 

1 

40% charge — digit 4 

0 

1 

1 

0 

0 

1 

1 

50% charge — digit 5 

1 

0 

1 

1 

0 

1 

1 

60% charge — digit 6 

1 

0 

1 

1 

1 

1 

1 

70% charge — digit 7 

1 

1 

1 

0 

0 

1 

0 

80% charge — digit 8 

1 

1 

1 

1 

1 

1 

1 

90% charge — digit 9 

1 

1 

1 

1 

0 

1 

1 

Charge complete — letter F 

1 

0 

0 

0 

1 

1 

1 

Fault condition — letter E 

1 

0 

0 

1 

1 

1 

1 

Discharge — letter d 

0 

1 

1 

1 

1 

0 

1 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc* 
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Three-Segment (30%, 60%, 90%) Four-Segment (20%, 40%, 60%, 80%) Seven-Segment (20%, 30%, 40%, 
Bargraph Display Bargraph Display 60%, 80%, 90% Charge Complete) 

LCD Segments Shown LCD Segments Shown Bargraph Display LCD Segments Shown 


FG200706. 


Figure 3. Charge Status Bargraph Display Configurations 



State of Change Seven-Segment 
BCD Digit Display (Common Anode) 

FG200707.eps 


Figure 4. Charge Status BCD Digit Display Mode 
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Enhanced Features for Fast Charge 


Introduction 

This application note describes the correct setup of the 
bq2007 features and gives design examples for a NiCd or 
NiMH switch-mode and gated current source fast-charger 
applications. 

The bq2007 is targeted for applications requiring fast- 
charging and charge status monitoring at minimal cost. It 
provides sophisticated full-charge detection techniques such 
as PVD (peak voltage detection) and -AV (negative delta 
voltage) that enable the user to take advantage of advanced 
battery technologies such as nickel metal-hydride (NiMH) 
and high-capacity fast-charge nickel cadmium (NiCd). 

The bq2007 offers flexibility by providing a wide variety 
of charge status monitoring and charge state display for- 
mats. The internal charge status monitor can be config- 
ured to support up to a seven-segment bargraph or a 
single-digit display. The bargraph display indicates seven 
monotonic steps, whereas the single digit counts in ten 
steps of 10% increments. The output can direct-drive ei- 
ther LCD or LED interface levels. 

The bq2007 indicates charge state status with an audio 
alarm output option and two dedicated output pins with pro- 
grammable display options. The DSELi _2 inputs can select 
one of the three display modes for the LEDi _2 outputs. 

Background 

A significant advantage of the bq2007 over other fast- 
charge solutions is the flexibility to select PVD or -AV as 
the primary decisions for fast-charge termination. PVD is 
the recommended termination method for NiMH batter- 
ies, while -AV is recommended for NiCd batteries. -AV or 
PVD detection in the bq2007 may be temporarily disabled 
during periods when the charge current fluctuates. -AV or 
PVD may be permanently disabled without affecting 
other bq2007 charge-termination functions. 

The bq2007 provides battery protection by trickle-charge 
conditioning of a battery that is below the low-voltage 
threshold (Vedv). The battery voltage (Vcell) is compared 
to the low-voltage threshold (Vedv) and charge will be in- 
hibited if Vcell < Vedv. The condition trickle current and 
fault time-out are a percentage of the fast charge rate 
and maximum time-out (MTO). 

To ensure safety for the battery and system, fast charging 
also terminates based on a high-temperature cutoff 
threshold (TCO), a safety time-out, and a maximum cell 


voltage threshold (MCV). To avoid possible premature 
fast-charge termination when charging batteries after 
long periods of storage, the bq2007 disables PVD, and 
-AV detection during a short “hold-off’ period at the start 
of fast charge. During the hold-off period when fast 
charge is selected, the bq2007 charges at the topoff rate 
to prevent excessive overcharging of a fully charged bat- 
tery. This hold-off period is configured as described in the 
bq2007 data sheet. 

The bq2007 may be configured to have two or three 
charge stages. In a two-stage configuration, the fast- 
charge stage controlled by the bq2007 is preceded and fol- 
lowed by a pulse trickle charge at a rate controlled by 
bq2007 input pins FAST, TM, and VSEL. In a three- 
stage configuration, the fast charge is followed by a “top- 
off” charge stage where the battery is charged at y 8 of the 
fast charge rate. This allows the battery to be quickly 
and safely brought to a full charge state. Following top- 
off, pulse trickle is used to compensate for self-discharge 
while the battery is idle. The trickle rate is % 4 for PVD 
and % when -AV is enabled. 

Charger Circuit Examples 

Two detailed applications follow this section. One provides 
direct control of a switch-mode regulator, and the other pro- 
vides control of an external current source. 

The switching-mode constant-current regulator is used on 
the DV2007S1 development system. The board layout and 
schematic is described in the layout guidelines section. 

Gating Current 

Figure 1 shows an example of external gated current 
source. With SNS connected to Vss, the bq2007 enables 
charge current to the battery by taking MOD high at the 
start of charging and maintaining this state until charg- 
ing is terminated. In this example, R7, R19, R15, and Q1 
and Q2 form the switching circuit. When MOD goes high, 
Q2 switches on — turning on Ql. When MOD goes low, the 
base current in Ql is turned off and the charging path is 
switched off. 

The current-handling capability of this circuit is limited 
by the product of the current gains of the transistors and 
by the 5mA drive capability of the MOD pin. 

This limitation may be removed by replacing the PNP at 
Ql with a pFET. See Table 1 for suggested transistors. 
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Table 1. Suggested Transistors (Q1) 


31 Type Package Maximum Current Maximum Voltage 


FR9010 pFET D PAK 5 1 3 -50 

FR9022 pFET DPAK 9.0 -50 

FR9020 pFET DPAK 9.9 -50 

FD9014 pFET HEXDIP LI -60 

FD9024 pFET HEXDIP L6 -60 

F9Z10 pFET TQ-220 4.7 -50 

F9Z22 pFET TQ-220 8.9 -50 

F9Z20 pFET TQ-220 <T7 -50 

F9Z32 pFET TQ-220 15 -50 

)136 PNP TO-225 L5 -60 

JE171 PNP TO-225 3.0 -60 

P42A PNP TQ-220 6.0 -60 

For very high currents, two parallel pFETs or an nFET with a high-side driver circuit may be suitable. 


Maximum Current 

Maximum Voltage 



5.3 

-50 

9.0 

-50 

9.9 

-50 

1.1 

-60 

1.6 

-60 

4.7 -50 

8.9 

-50 

9.7 

-50 

15 

-50 

1.5 

-60 

3.0 

-60 

6.0 

-60 
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MOD 
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TS 
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SNS 


D7 Q1 R10 
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R15 
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I 
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Figure 1 . Gated External Source (Bipolar Switch Option) 
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Charge Action Control 

The bq 2007 charge action is controlled by input pins 
DCMD, VSEL, FAST, and TM. When charge action is initi- 
ated, the bq2007 enters the charge-pending state, checks for 
acceptable battery voltage and temperature, and p erforms 
any required discharge-before-charge operations. DCMD 
controls the discharge-before-charge function, and VSEL, 
FAST, and TM select the charger configuration. See Tables 
4 and 5 of the bq2007 data sheet. 

Charge Status Indication 

Table 2 summarizes the bq2007 charge status display. 
The charge status indicators include the DIS output, 
which can be used to indicate the discharge state, the 
audio ALARM output, which indicates charge completion 
and fault conditions, and the dedicated status outputs, 
LEDi and LED 2 . 

Outputs LED 1-2 have three display modes that are se- 
lected at initialization by the input pins DSELi and 
DSEL 2 . The DSELi and DSEL 2 input pins, when pulled 
down to Vss, are intended for implementation of a simple 
two-LED system, where LED 2 indicates the precharge 
status (i.e., charge pending and discharge) and LEDi in- 
dicates the charge status (i.e., charging and completion). 


Table 2. bq2G07 Charge Status Display Summary 


Mode 

Charge Action State 

Q 

111 

_l 

led 2 

DIS 

ALARM 

DSELi = L 
DSEL 2 = L 
(Mode 1) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

1 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = H 

dsel 2 = l 

(Mode 2) 

Battery absent 

0 

0 

0 

0 

Discharge in progress, pending 

1 

1 

1 

0 

Charging 

1 

0 

0 

0 

Charge complete 

0 

1 

0 

High tone 

Fault (low-voltage time-out) 

0 

0 

0 

High tone 

DSELi = L 
DSEL 2 = H 
(Mode 3) 

Battery absent 

0 

0 

0 

0 

Charge pending (temp, limit, low voltage) 

0 

Flashing 

0 

0 

Discharge in progress 

0 

Flashing 

1 

0 

Charging 

Flashing 

0 

0 

0 

Charge complete 

1 

0 

0 

High tone 

Fault (low-voltage time-out) 

0 

1 

0 

High tone 


DSELi pulled up to Vcc and DSEL 2 pulled down to Vss 
mode is for implementation of a single tri-color LED such 
that discharge, charging, and completion each have a 
unique color. DSELi pulled down to Vss and DSEL 2 
pulled up to Vcc mode allows for fault status informa- 
tion. 

Audio Alarm Selection 

The alarm output waveform is a 3.5KHz square wave sig- 
nal that allows a direct connection to drive standard pie- 
zoelectric alarm elements. Piezoelectric alarm elements 
are designed for a maximum sound output at a specific 
frequency and drive voltage. The alarm element must be 
selected for a maximum sound output at a frequency of 
3.5kHz with a 5V peak-to-peak drive signal. The PCB 
mount element can be connected directly to the bq2007 
alarm output with a 20K isolation resistor. The design 
of a molded resonant cavity should follow the manufac- 
turers recommended procedures to assure maximum 
sound output. Manufactures also provide several boost 
circuits that can be used to increase the drive voltage 
for increased sound output levels. 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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Selecting the BAT Divider for 
Charge Monitoring 

The voltage based state of charge monitoring is enabled 
when charging packs with a fixed number of cells by pull- 
ing the multi-cell pack select input MULTI to Vss- When 
MULT = 0, internal voltage thresholds are compared with 
the BAT pin input voltage for both charge and discharge 
capacity status indications. When discharge-before- 
charge is initiated, the state-of-charge monitor indicates 
the discharge condition as monotonic decreasing steps 
from the charged condition. The voltage charge status 
monitoring circuit is shown in Fig. 2. The circuit changes 
its voltage threshold reference divider for charge or dis- 
charge monitoring when the discharge signal is zero or 
one, respectively. The voltage thresholds are a fixed ratio 
of the Vcc supply voltage and are specified in the bq2007 
data sheet in the section entitled “DC Thresholds.” The 
voltage thresholds were selected based on typical NiCad 
and NiMH battery characteristics for a typical charge 
rate of 1C and a typical discharge rate of 1 Amp. 

To optimize the charge status monitoring for a range of 
fixed-cell packs (i.e. MULTI = 1), the BAT divider should 
be calculated such that the highest fixed cell pack will be 
centered at the EDV threshold. For example, to charge 
packs that range from 4 to 6 fixed cells, select the BAT di- 


vider MULTI = 0. The BAT divider should be determined 
by BAT divider equation 2 for values shown in Table 4. 
To further optimize, you can fit the battery characteris- 
tics to the end points of the EDV and MCV thresholds. 
This will center the battery voltage charge characteristics 
in the center of the bq2007 charge monitoring thresholds. 
This is possible since the full charge detection methods 
(PVD, -DV) are not dependent on absolute voltage value. 
When adjusting the battery divider, the maximum cutoff 
voltage (Vmcv) must not be exceeded. 

Charge Status Monitoring 

The bq2007 charge status monitor may display the bat- 
tery voltage or charge safety timer as a percentage of the 
full-charged condition. These options are selected with 
the MULT input pin. 

When MULT is pulled down to Vss, the battery charge 
status is displayed as a percentage of the battery voltage, 
and the single-cell battery voltage at the BAT pin is com- 
pared with internal charge voltage reference thresholds. 
When Vbat is greater than the internal thresholds of V20, 
V40, V60, or V80, the respective 20%, 40%, 60%, or 80% dis- 
play outputs are activated. The batteiy voltage directly in- 
dicates 20% charge increments, while the 10% charge 


Discharge V BAT 



FG200709.eps 


Figure 2. Voltage Charge Status Monitoring Circuit 

4/14 


3-335 




Using the bq2007 Enhanced Features for Fast Charge 


increments use a timer that is a function of the charge 
safety timer. 

When MULT is pulled down to Vss and when Vbat ex- 
ceeds V 20 during charging, the 20% charge indication is 
activated and the timer begins counting for a period 
equal to y 64 to y 32 of the charge safety time-out period. 
When the timer count is completed, the 30% charge indi- 
cation is activated. Should Vbat exceed V 40 prior to the 
timer count completion, the charge status monitor acti- 
vates the 30% and 40% indications. This technique is 
used for all the odd percentage charge indications to 
assure a monotonic charge status display. 

When MULT is pulled up to Vcc, the bq2007 charge 
status monitor directly displays y 32 of the charge safety 
timer as a percentage of full charge. This method is rec- 
ommended over the voltage-based method when charging 
multi-cell packs where the battery terminal voltages can 
vary greatly between packs. This method offers an accu- 
rate charge status indication when the battery is fully 
discharged. 

During discharge with MULT pulled down to Vss, the 
charge status monitor indicates the percentage of the bat- 
tery voltage by comparing Vbat to the internal discharge 
voltage reference thresholds. In BCD format, the dis- 
charge thresholds V80, V60, V40, and V20 correspond to 
a battery charge state indication of 90%, 70%, 50%, and 
30%, respectively. In bargraph format, the same dis- 
charge thresholds correspond to a battery charge state in- 
dication of 90%, 60%, 40%, and 30%, respectively. 
Differences in the battery charge state indications are 
due to the finer granularity of the BCD versus the bar- 
graph format. 

During discharge and when MULT is pulled up to Vcc, 
the state-of-charge monitor segment format displays the 
discharge condition, letter “d,” whereas the bargraph for- 
mat has no indication. 

The charge status display is blanked during the charge 
pending state and when the battery pack is removed. 

Charge Status Display Modes 

The bq2007 charge status monitor can be displayed in 
two modes summarized in Table 3. The display modes 
are a seven-segment monotonic bargraph or a seven- 
segment single-digit format. When QDSEL is pulled 
down to Vss, pins SEGa-g drive the decoded seven seg- 
ments of a single segment digit display, and when QDSEL 
is pulled up to Vcc, pins SEGa-g drive the seven segments 
of a bargraph display. 

In the bargraph display mode, outputs SEGa-g allow options 
for a three-segment to seven-segment bargraph display. The 
three-segment charge status display uses outputs SEGb, 
SEGd, and SEGf for 30%, 60%, and 90% charge indications, 
respectively. The four-segment charge status display uses 
5/14 


outputs SEGa, SEGc, SEGd, and SEGe for 20%, 40%, 60%, 
and 80% indications, respectively. The seven-segment charge 
status monitor uses all segments. 

The segment display mode drives pins SEGa-g with the de- 
coded seven-segment single-digit information. The display 
indicates in 10% increments from a segment zero count at 
charge initiation to a segment nine count indicating 90% 
charge capacity. Charge completion is indicated by the letter 
“F,” a fault condition by the letter “E,” and the discharge con- 
dition by the letter “d.” See Table 3. 

Display Driver Modes 

The bq2007 is designed to interface with LCD or LED type 
displays. The LED signal levels are driven when the MSEL 
input is pulled to Vcc at initialization. The output pin COM 
is the common anode connection for LED SEGa-g. 

The LCD interface mode is enabled when the MSEL in- 
put pin is pulled to Vss at initialization. An internal oscil- 
lator generates all the timing signals required for the 
LCD interface. The output pin COM is the common con- 
nection for static direct-driving of the LCD display back- 
plate and is driven with an AC signal at the frame 
period. When enabled, each of the SEGa-G pins is driven 
with the correct-phase AC signal to activate the LCD seg- 
ment. In segment mode, output pins SEGa-g interface to 
LED or LCD segments. 

Discharge Before Charge 

It may be desirable in the application to allow the user to 
occasionally discharge the battery to a known voltage 
level prior to charge. The reason for this may either be to 
remedy a voltage-depression effect found in some NiCd 
batteries or to determine the battery's charge capacity. 

Figure 3 illustrates the implementation of this function. 
Discharge-before-charge is initiated on a positive strobe 
signal on DCMD. 

Note: This function takes precedence over a charge action 
and commences immediately when conditions warrant, 
forcing DIS to a high state until the voltage sensed on 
BAT falls below Vcc/5. Charging begins as soon as con- 
ditions allow. 

Care should be taken not to overheat the battery during 
this process; excessive temperature is not a condition 
that terminates discharge. 
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Configuring the BAT Input 

The bq2007 uses the battery voltage sense input on the 
BAT pin to control discharge-before-charge, qualify 
charge initiation, terminate charge at an absolute limit, 
facilitate peak voltage detect (PVD) and negative delta volt- 
age (-AV) detection, and detect a battery replacement. 

Vbat may be derived from a simple resistive network 
across the battery. As shown in Figure 1, resistors RBI 
and RB2 are chosen to divide the battery voltage down to 
the optimal detection range. When MULT is pulled up to 
Vcc, battery voltage is sensed at the BAT pin by a resis- 
tive voltage divider that divides the terminal voltage be- 
tween 0.262 * Vcc (Vedv) and 0.8 * Vcc (Vmcv). The 
bq2007 charges multi-cell battery packs from a minimum of 
N cells, to a maximum of 1.5 * N cells. The battery voltage 
divider is set to the minimum cell battery pack (N) by the 
BAT pin voltage divider ratio equation: 

— = ( ) - 1 Equation 1 

R2 1.33 


When MULT is pulled down to Vss, tighter charge volt- 
age limits and voltage-based charge status display are se- 
lected. This is recommended for charging packs with a 
fixed number of cells where the battery voltage divider 
range is between 0.4 * Vcc (Vedv) and 0.8 * Vcc (Vmcv). 
The bq2007 charges fixed-cell battery packs of N cells. 
The battery voltage divider is set by the divider ratio 
equation: 

— = ( — ) - 1 Equation 2 

R2 2 

Although virtually any value may be chosen for RBI and 
RB2 due to the high input impedance of the BAT pin, the 
values selected must not be so low as to appreciably 
drain the battery nor so large as to degrade the circuit's 
noise performance. Constraining the source resistance as 
seen from BAT between 20K12 and 1M£2 is acceptable 
over the bq2007 operating range. Total impedance be- 
tween the battery terminal and VSS should typically be 
about 300KQ to 1M£2 . See Table 4. 

Note: Because Vsns may be positive in bq2007 switching 
regulation applications, the actual internal comparison 


Table 3. bq2007 Charge Status Display Summary 


Mode 

Display Indication 

SEGa 

SEGb 

SEG C 

SEGd 

SEGe 

SEGf 

SEGg 

QDSEL = H 

20% charge 

1 

0 

0 

0 




30% charge 

1 

1 

0 




0 

40% charge 

1 

1 

1 



0 

0 

60% charge 

1 

1 

1 

1 


0 

0 

80% charge 

1 

1 

1 

1 

1 

0 

0 

90% charge 

1 

1 

1 

1 

1 

1 


Charge complete 

1 

1 

1 

1 

1 

1 

1 

QDSEL = L 

0% charge — digit 0 

1 

1 

1 

1 

1 

1 

0 

10% charge — digit 1 

0 

1 

1 



0 


20% charge — digit 2 

1 

1 

0 

1 

1 

0 

1 

30% charge — digit 3 

1 

1 

1 

1 



1 

40% charge — digit 4 

0 

1 

— 

1 

0 


1 

1 

50% charge — digit 5 

1 

0 

1 

1 

0 

1 

1 

60% charge — digit 6 

1 

0 

1 

1 

1 

1 

1 

70% charge — digit 7 

1 

1 

1 



1 


80% charge — digit 8 

1 

1 

n 

1 

1 

1 

1 

90% charge — digit 9 

1 

1 

m 

1 


1 

1 

Charge complete — letter F 

1 

0 

0 

0 

1 

1 

1 

Fault condition — letter E 

1 

0 

0 

1 

1 

1 

1 

Discharge — letter d 

0 

1 

1 

1 

1 

0 

1 


Note: 1 = on; 0 = off; L = pulled down to Vss; H = pulled up to Vcc. 
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Figure 3. Battery Conditioning Network 


Table 4. Suggested RBI and RB2 
Values for NiCd and NiMH Cells 


Number of Cells 
(Vbat Divisor) 

RBI(KQ) 

RB2(KO) 

4 

150 

165 

5 

150 

110 

6 

150 

80.6 

8 

150 

53.6 

10 

150 

40.2 


Note: MULTI = 0; RB1/RB2 = (N/2) - 1. 


uses Vbat - Vsns, or Vcell- This internal value Vcell 
maintains a representative voltage independent of any 
current through Rsns. 

Temperature Sensing and the TCO Pin 

The bq2007 uses the temperature sense input on the TS 
pin to qualify charge initiation and termination. A nega- 
tive temperature coefficient (NTC) thermistor referenced 
to SNS and placed in close proximity to the battery may 
be used as a temperature-to-voltage transducer as shown 
in Figure 1. This example shows a simple linearization 
network constituted by RT1 and RT2 in conjunction with 
the thermistor, RT. 

Temperature-decision thresholds are defined as LTF 
(low-temperature fault) and TCO (temperature cutoff). 
Charge action initiation is inhibited if the temperature is 
not within the LTF-to-TCO range. In this case, the charge 
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pending state is active on the charge status display (see 
Table 2), and charging does not initiate until the battery 
temperature returns to this range. 

Once initiated, charging terminates if the temperature is 
either less than LTF or greater than TCO. The bq2007 in- 
terprets the reference points Vltf and Vtco as Vss-ref- 
erenced voltages, with Vltf fixed at y 2 Vcc and Vtco 
equal to the voltage presented on the TCO pin. See Fig- 
ure 4. Note that since the voltage on pin TS decreases as 
temperature increases, Vtco should always be less than 
y 2 Vcc- The resistive dividers may be used to generate the 
desired Vtco- 

Vcc Supply 

The Vcc supply provides both power and voltage reference to 
the bq2007. This reference directly affects BAT voltage and 
internal time-base voltage measurements. 

The time-base is trimmed during manufacturing to 
within 5 percent of the typical value with Vcc = 5V. The 
oscillator varies directly with Vcc. If, for example, a 5% 
regulator supplies Vcc, the time-base could be in error by 
as much as 10%. 

Charge State Actions 

Once the required discharge is completed and tempera- 
ture and voltage prequalifications are met, the charge 
state is initiated. The charge state is configured by the 
VSEL, FAST, and TM input pins. The FAST input selects 
between Fast and Standard charge rates. The Standard 


3-338 






Using the bq2007 Enhanced Features for Fast Charge 


Table 5. bq2007 Charge Action Control Summary 


FAST 

TM 

Time-out 

MOD 

Hold-off 

Trickle 

Trickle 

Input 

Input 

Period 

Duty 

period 

Rep Rate 

Rep Rate 

State 

State 

(min) 

Cycle 

(sec) 

_AV %2 

PVD %, 

Vss 

Float 

640 (%) 

25% 

2400 

219Hz 

109Hz 

Vss 

V ss 

320 (%) 

25% 

1200 

109Hz 

55Hz 

Vss 

V C c 

160 (%) 

25% 

600 

55Hz 

27Hz 

Vcc 

Float 

160 (%) 

100% 

600 

219Hz 

109Hz 

Vcc 

Vss 

80 (C) 

100% 

300 

109Hz 

55Hz 

Vcc 

Vcc 

40 (2C) 

100% 

150 

55Hz 

27Hz 


charge rate is y 4 of the Fast charge rate, which is accom- 
plished by disabling the regulator for a period of 286|Lis of 
every 1144ps (25% duty cycle). In addition to throttling 
back the charge current, time-out and hold-off safety time 
are increased accordingly. 

The VSEL input selects the voltage termination method. 
The termination mode sets the top-off state and trickle 
charge current rates. The TM input selects the Fast 
charge rate, the Standard rate, and the corresponding 
charge times. Once charging begins at the Fast or Stan- 
dard rate, it continues until terminated by any of the fol- 
lowing conditions: 


■ Negative delta voltage (-AV) 


— 

— Vcc 

— 

— V M CV = 4/5 Vcc 

— 

— V L TF =1/2 Vcc 

— 

— VjCO 

— 

V S S 

FG20071 1 eps 


■ Peak voltage detect (PVD) 

■ Maximum temperature cutoff (TCO) 

■ Maximum time-out (MTO) 

■ Maximum cutoff voltage (MCV) 

Voltage Termination Hold-off 

To prevent early termination due to an initial false peak 
battery voltage, the -AV and PVD terminations are dis- 
abled during a short “hold-off” period at the start of 
charge. During the hold-off period when fast charge is se- 
lected (FAST = 1), the bq2007 will top off charge to pre- 
vent excessive overcharging of a fully charged battery. 
Once past the initial charge hold-off time, the termina- 
tion is enabled. TCO and MCV terminations are not af- 
fected by the hold-off time. 

-AV or PVD Termination 

Table 6 summarizes the two modes for full-charge voltage 
termination detection. When VSEL = Vss, negative delta 
voltage detection occurs when the voltage seen on the 
BAT pin falls 12mV (typical) below the maximum sam- 
pled value. VSEL = Vcc selects peak voltage detect termi- 
nation and the top-off charge state. When charging a 
battery pack with a fixed number of cells, the -AV and 
PVD termination thresholds are -6mV and 0 to -3mV per 
cell, respectively. The valid battery voltage range on 
Vbat for -AV or PVD termination is from 0.262 * Vcc to 
0.8 * Vcc. 


Figure 4. Temperature Reference Points 
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Top-Off Charge 

The top-off charge option allows for the self-discharge re- 
placement trickle current to be very low, but still provides 
for filling up the last fraction of capacity after the fast- 
charge phase has terminated. Top-off occurs at y 8 of the 
fast charge rate to prevent excess heat generation, and 
terminates after a period equal to the safety time-out. It 
also terminates if TCO or MCV is detected. 

Top-off is not recommended in applications where a battery 
charge is re-initiated with extremely high frequency (many 
times per day); for example, when the unit is returned to the 
charge cradle after each short period of use. 

Pulse trickle is used to compensate for self-discharge while 
the battery is idle and to condition a depleted low-voltage 
battery to a valid voltage prior to high-current charging. 
The battery is pulse trickle charged when Fast, Standard, 
or top-off charge is not active. This results in a trickle rate 
of % 4 for PVD and % 2 when -AV is enabled. 


Table 6. VSEL Configuration 


VSEL 

Detection 

Method 

Top-Off 

Pulse Trickle 
Rate 

Vss 

-AV 

Disabled 

%> 

Vcc 

PVD 

Enabled 

% 


Charge Inhibit 

Fast char ge, to p-off, and pulse trickle may be inhibited by 
using the INH input pin. When low, the bq2007 suspends 
all charge activity, drives all outputs to high imped ance, 
and assumes a low-power operational state. When INH 
returns high, a fast-charge cycle is qualified and begins 
as soon as conditions allow. 

Power Supply Selection 

The DC supply voltage, Vdc, must satisfy two requirements: 

1. To support the bq2007 Vcc supply, Vdc must be 
adequate to provide for 5V regulation after the 
losses in the regulator and across D1 (Vdc ^ 7.7V 
using the 78L05). 

2. To support the charge operation, Vdc > (number of 
cells * MCVmax) + Vloss in the charging path. 
(MCVmax is the maximum cell voltage threshold 
with the maximum bq2007 Vcc.) 


Polarity Reversal Protection 

If the DC input has any risk of being accidentally connected 
with power (+) and ground (-) reversed, then the system in- 
put should include either a protection diode to protect 
against circuit damage or a diode bridge to provide both pro- 
tection and operation. This also increases minimum input 
voltage for charger operation by approximately IV to 2V. 

Layout Guidelines 

PCB layout to minimize the impact of system noise on 
the bq2007 is important when the bq2007 is used as a 
switching modulator, with a separate nearby switching 
regulator, or close to any other significant noise source. 

1. Avoid mixing signal and power grounds by using a 
single-point ground technique incorporating both a 
small signal ground path and a power ground path. 

2. The charging path components and associated 
traces should be kept relatively isolated from the 
bq2007 and its supporting components. 

3. O.lpF and lOpF decoupling capacitors should be 
placed close together and very close to the Vcc pin. 

4. O.lpF capacitors and resistors forming R-C filters 
connected to pins BAT, TS, TCO, and MCV should 
be as close as possible to their associated pins. 

5. Because the bq2007 uses Vcc for its reference, ad- 
ditional loading on Vcc is not recommended. 

6. Diode D1 (1N4148) is recommended for rectifica- 
tion and filtering. 

7. If the DCMD input is electronically controlled, care 
should be taken to prevent noise-induced false 
transitions. 

8 . For bq2007-modulated switching applications: 

■ A 2KO resistor is required between the MOD 
pin and the transistor. 

■ A lOOOpF capacitor/lKQ resistor R-C filter 
should be as close as possible to the SNS pin. 

■ The O.lpF capacitors for BAT and TS should 
be routed directly to SNS and not to ground. 

Figures 6, 7, and 8 show an example layout of the 
DV2007S1 Development Board. Figure 9 is a schematic of 
the board. Table 7 contains the parts list for the board. A 
comparable layout is recommended. 
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Table 7. DV2007S1 Deve 

opment Board Parts List 

Component Name 

Component Description 

C2, Cl- Optional 

lOOOuF 

C5, C3 

lOOpF 

C4, C6, C7 

O.lpF 

C8 

InF 

D1 

1N5400 

D4, D2 

1N4148 

D3 

1N751A 

D5 

1N5821 

D6 

1N4001 

JP1, JP2, JP3, JP4 

HEADER 3 

JP5, JP8, JP9, JP10 

HEADER 2 

J1 

CON6 

LCD1 

7-SEG LED 

LED1 

LED BAR 

LED2 

7-SEG LCD 

LI 

lOOpH 

PI 

BUZZER 

Q1 

MTP3055EL 

Q2 

2N7000 

Q3 

2N3904 

Q4 

MTP23P06E 

R14 

Resistor 8pack 

RBI 

150K 

RB2X 

User Selected 

RSNS 

0.2 

RT1 

20K 

RT2 

Open 

R1 

300K 

R6, R7 

100K 

R2, R5, RIO 

2K 

R3 

82K 

R4 

20K 

R8 

20K 

R9 

6.8K 

R12, Rll 

510 

SR 

SIP8 

SW1 

SW pushbutton 

SW2 

SW DIP-8 

U1 

bq2007 

U2 

78L05 
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Figure 9. DV2007S1 Development Board Schematic 





mm UNITRODE 


U-510 Using the bq2031 
to Charge Lead-Acid Batteries 


Description of Operation 

The bq2031 has two primary functions: lead-acid battery 
charge control and switch-mode power conversion 
control. Figure 1 is a block diagram of the bq2031. The 
charge control circuitry is capable of a variety of full- 
charge detection techniques and supports three different 
charging algorithms. The Pulse-Width Modulator 
(PWM) provides control for high-efficiency current and 
voltage regulation. 

Starting a Charge Cycle and Battery 
Qualification 

When Vcc becomes valid (rises past its minimum value), 
the first activates battery temperature monitoring. Tem- 
perature is indicated by the voltage between the pins TS 
and SNS (Vtemp). If the bq2031 finds the temperature 
out of range (or the thermistor is absent), it enters the 
Charge Pending State. In this state, all timers are sus- 


pended, charging current is kept off by MOD being held 
low, and the state is annunciated by LED 3 alternating 
high and low at approximately y 6 th second intervals. 

Temperature checks remain active throughout the 
charge cycle. They are masked only when the bq2031 is 
in the Fault state (see below). When the temperature 
returns to the allowed charging range, timers are 
restarted (not reset) and the bq2031 returns to the state 
it was in when the temperature fault occurred. 

When the thermistor is present and the temperature is 
within the allowed range, the bq2031 then checks for 
the presence of a battery. If the voltage between the BAT 
and SNS pins (Vcell) is between the Low-Voltage Cut- 
Off threshold (Vlco) and the High-Voltage Cut-Off 
(Vhco), the bq2031 perceives a battery to be present and 
begins pre-charge battery qualification after a 500ms 
(typical) delay. If any new temperature or voltage faults 
occur during this time, the bq2031 immediately transi- 
tions to the appropriate state. 


Vcc TMTO TPWM 



ICOMP 

BD203101.eps 


Figure 1. Block Diagram of the bq2031 
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If Vcell is less than Vlco or above Vhco, the bq2031 be- 
lieves no battery is present and enters the Fault state; 
MOD is held low and LED3 is turned on. This light gives 
the customer an indication that the charger is on, even 
though no battery is present. The bq2031 leaves the 
Fault state only if it sees Vbat rise past Vlco or fall past 
Vhco, indicating a new battery insertion. If temperature 
is within bounds, there will again be a 500ms delay be- 
fore battery qualification tests start. 

Battery Qualification Tests 

In test 1, the bq2031 attempts to regulate a voltage = 
Vflt + 0.25V across the battery pack. The bq2031 moni- 
tors the time required for ISNS, the charging current, to 
rise to Icond = Imax/5. If the current fails to rise to this 
level before the time-out period tQTi expires (e.g., the 
battery has failed open), the bq2031 enters the Fault 
state, indicated by the LED3 pin going high. Charging 
current is removed from the battery by driving the MOD 
pin low, and the bq2031 remains in this state until it de- 
tects the conditions to start a new charge cycle; the bat- 
tery is replaced or Vcc is cycled off and then back on. 

If test 1 passes, the bq2031 starts test 2 by attempting 
to regulate a charging current of Icond into the battery 
pack. It monitors the time required for the pack voltage 
to rise above Vmin (the voltage may already be over this 
limit). If the voltage fails to rise to this level before the 
time out period tQT2 expires (e.g., the battery has failed 
short), the bq2031 again enters the Fault state as de- 
scribed above. If test 2 passes, the bq2031 then begins 
fast (bulk) charging. 

Fast Charging 

The user configures the bq2031 for one of three fast 
charge and maintenance algorithms. 

Two-Step Voltage (Figure 3) 

This algorithm consists of three phases: 

■ Fast-Charge phase 1: The charging current is limited 
at Imax until the cell voltage rises to Vblk. 

■ Fast-Charge phase 2: The charging voltage is regu- 
lated at Vblk until the charging current drops below 
Imin- 

■ Maintenance phase: The charging voltage is regu- 
lated at Vflt. 

Two-Step Current (Figure 4) 

This algorithm consists of two phases: 

■ Fast-Charge phase: The charging current is regu- 
lated at Imax until the cell voltage rises to Vblk or 



Figure 2. Cycle Start/Battery 
Qualification State Diagram 

the “Second Difference” of cell voltage drops below 
-8mV while Vbat is over 2.0V. Second Difference is 
the accumulated differences between successive sam- 
ples of Vbat. The Second Difference technique looks 
for a negative change in battery voltage as the bat- 
tery begins overcharging (see Figure 6). 

■ Maintenance phase: Fixed-width pulses of charging 
current = Icond are modulated in frequency to 
achieve an average value of Imin. See Appendix A for 
implementation details. 

Pulsed Current (Figure 5) 

This algorithm consists of two phases: 

■ Fast-Charge phase: The charging current is regu- 
lated at Imax until the cell voltage rises to Vblk. 

■ Maintenance phase: Charging current is removed 
until the battery voltage falls to Vflt; charging cur- 
rent is then restored and regulated at Imax until the 
battery voltage once again rises to Vblk. This cycle 
is repeated indefinitely. 
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Figure 4. Two-Step Current Algorithm 
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Figure 5. Pulsed Current Algorithm 
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Safety Time-Out 

A safety timer limits the time the charger can spend in 
any phase of the charging cycle except maintenance. 
This Maximum Time-Out (MTO) timer is reset at the 
end of successful pre-charge qualification when the 
bq2031 begins fast chargingl. If MTO times out before a 
fast charge termination criterion is met, the charging 
current is turned off (MOD driven low) and the bq2031 
enters the Fault state exactly as if it had failed a pre- 
charge qualification test. 

There is one exception. In the Two-Step Voltage algo- 
rithm, MTO is reset when the bq2031 transitions from 
the current-limited phase 1 to the voltage-regulated 
phase 2 of fast charging. If MTO expires while the 
bq2031 is still in phase 1, it does not enter the Fault 
state but instead transitions to maintenance phase. 

During maintenance, the MTO timer is reset at the be- 
ginning of each new pulse in the Two-Step Current and 
Pulsed Current algorithms. It expires (and puts the 
bq2031 in the Fault state) only when the bq2031 
beccomes “jammed” with a pulse stuck “on.” The MTO 
timer is not active during the maintenance phase of the 
Two-Step Voltage algorithm. 



Previous Discharge Capacity Returned, % 

GR203104.eps 


Figure 6. Voltage Roll-Off in Constant- 
Current Charging Profile 


Hold-off Periods 

Old age and/or abuse can create conditions in lead-acid 
batteries that may generate a large transient voltage 
spike when current-regulated charging is first applied. 
This spike could cause early termination in the fast 
charge algorithms by mimicking their voltage-based ter- 
mination criteria. To prevent this, the bq2031 uses a 
“hold-off” period at the beginning of the fast charge 
phase. During this time, all voltage criteria are ignored 
except cutoff voltages. (Straying outside the range be- 
tween Vhco and Vlco still causes the bq2031 to believe 
the battery has been removed, and the bq2031 enters 
the Fault state and shuts off charging current.) A hold- 
off period is also enforced during test 2 of pre-charge 
qualification for the same reason. 

Configuration Instructions 

Selecting Charge Algorithm and Display Mode 

QSEL/LEDs, DSEL/LED 2 , and TSEL/LEDi are bi- 
directional pins with two functions: they are LED driver 
pins as outputs and programming pins for the bq2031 as 
inputs. The selection of pull-up, pull-down, or no pull re- 
sistor for these pins programs the charging algorithm on 
QSEL and TSEL per Table 1 and the display mode on 
DSEL per Table 2. The bq2031 forces the output driver on 
these bi-directional pins to their high-impedance state (as 
well as their common return output pin, COM) and latches 
the programming data sensed on the inputs when any one 
of the following three events occurs: 

1 . Vcc rises to a valid level. 

2 . The bq203 1 leaves the Fault state. 

3. The bq2031 detects battery insertion. 

The LEDs go blank for approximately 0.75s. (typical) 
while new programming data is latched. 

Figure 7 shows the bq2031 configured for the Two-Step 
Current algorithm and display mode 2. 


Table 1. Programming 

Charg 

e Algorithms 

Charge 

Algorithms 

QSEL 

TSEL 

Programmable 

Thresholds 

Two-Step Voltage 

L 

H/L* 

Imax, Vblk, Vflt 

Two-Step Current 

H 

L 

Imax, Vblk, Imin 

Pulsed Current 

H 

H 

Imax, Vblk, Vflt 


Note: * Set either high or low; do not float pin. 


1 The MTO timer also resets at the beginning of the pre-charge qualifica- 
tion period. However, t QT1 or t QT2 (the qualification test time limits) expire 
and put the bq2031 in the Fault state before the MTO limit can be reached. 
The MTO timer is suspended while the bq2031 is in the Fault state, and is 
reset by the conditions that allow the bq2031 to exit that state. 
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Table 2. bq2031 Display Output Summary 


Mode 

Charge State 

LEDi 

led 2 

LED 3 

DSEL = 0 
(Mode 1) 

Battery absent 

Low 

Low 

High 

Pre-charge qualification 

Flash* 

Low 

Low 

Fast charging 

High 

Low 

Low 

Maintenance charging 

Low 

High 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash* 

Fault 

X 

X 

High 

DSEL = 1 
(Mode 2) 

Battery absent 

Low 


High 

Pre-charge qualification 

High 


Low 

Fast charge 

Low 

High 

Low 

Maintenance charging 

High 

Low 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash* 

Fault 

X 

X 

High 

DSEL = Float 
(Mode 3) 

Pre-charge qualification 

Flash* 

Flash* 

Low 

Battery absent 

Low 

Low 

High 

Fast charge: current regulation 

Low 

High 

Low 

Fast charge: voltage regulation 

High 

High 

Low 

Maintenance charging 

High 

Low 

Low 

Charge pending (temperature out of range) 

X 

X 

Flash* 

Fault 

X 

X 

High 


Notes: 1 = Vcc, 0 = Vss, X = LED state when fault occurred. 

* Flash = y 6 sec. low, y 6 sec. high 


VCC 



Figure 7. Configuring 10K Two-Step Current Algorithm 
and Display Mode Selection 
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Setting Voltage and Current 
Thresholds 

Fixed Thresholds 

The bq2031 uses the following fixed thresholds: 

■ Vhco — High-Cutoff Voltage: Vbat rising above this 
level is interpreted as battery removal, cutting off 
charging current. Vhco = 0.6 * Vcc. 

■ Vlco — Low-Cutoff Voltage: Vbat dropping below this 
level is interpreted as battery removal, cutting off 
charging current. Vlco = 0.8V. 

■ Vmin — Minimum Voltage: Used in pre-charge qualifi- 
cation test 2. Vmin = 0.34 * Vcc. 

■ Icond — C onditioning Current: Used in the mainte- 
nance phase of the Two-Step Current algorithm and 
pre-charge qualification tests 1 and 2. Icond = Imax/5. 
iMAxis set by Equation 3. 

Configurable Thresholds 

The bq2031 uses the following configurable thresholds: 

■ Vblk — Upper voltage limit during fast charge, typi- 
cally specified by the battery manufacturers to be 
2.45V-2.5V per cell @ 25°C. 

■ Vflt — Minimum charge voltage required to compen- 
sate for the battery's self-discharge rate and maintain 
full charge on the battery. A value is usually recom- 
mended by the battery manufacturer. 

■ Imax — F ast charge current specified as a function of 
“C,” the capacity of the battery in Ampere-hours (e.g., a 
charge rate of 1C for a 5Ah battery is 5A). Typical val- 
ues range from %> to C, although some battery vendors 
may approve higher charge rates. 

Vflt, Vblk, and Imax are configured by the user when se- 
lecting resistor values for the battery voltage divider net- 
work (see Figure 8). Vflt is set by RBI and RB2 by: 

Equation 1 

RBI _ (N * V FLT ) 1 
RB2 2.2V 

VBLK is determined by: 

Equation 2 

RBI [ RBl_ ( N*y BLK ) 1 
RB2 RB3 2.2 

Imax is determined by: 



Figure 8. configuring the Battery Divider 
and Current Sense Circuit 

Equation 3 

T _ 0.250V 

■*-MAX ~ 

-^SNS 

where: 

■ N = Number of series cells in the battery pack 

■ Vflt = Value recommended by manufacturer 

■ Vblk = Value recommended by manufacturer at 25°C. 
If you have selected the Two-Step Current algorithm 
and want Second Difference detection to be your pri- 
mary fast charge termination criterion, use Vblk = 
2.75V. 

■ Imax = Desired maximum charge current 

The bq2031 internal band-gap reference voltage at 25°C 
is 2.2V. This reference shifts with temperature at 
-3.9mV/°C to compensate for the negative temperature 
coefficient of lead-acid chemistry. 

The total resistance presented by the divider between 
BAT+ and BAT- (RBI + RB2) should be between 150k£2 
and 1MU . The minimum value ensures that the divider 
network does not drain the battery excessively when the 
power source is disconnected. Exceeding the maximum 
value increases the noise susceptibility of the BAT pin. 

An empirical procedure for setting the values in the re- 
sistor network is as follows: 

1. Set RB2 to 49.9 kf2 (for 3 to 18 series cells). 
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2. Determine RBI from equation 1 given Vflt- 

3. Determine RB3 from equation 2 given Vblk. 

4. Determine Rsns from equation 3 given Imax. 

Table 3 shows the results of these calculations at several 
example cell counts for Vflt = 2.25V and Vblk = 2.45V. 
1% resistors are recommended. 


Table 3. Example Resistor Values by 
Number of Cells 


Number of 

RBI 

RB2 

RB3 

Cells 

(kO) 

(kO) 

(kO) 

3 

102.0 

49.9 

383.0 

6 

261.0 

49.9 

475.0 

12 

562.0 

49.9 

511.0 

18 

866.0 

49.9 

536.0 


Imin — In the Two-Step Voltage algorithm, Imin is the 
level to which charging current must drop to terminate 
fast charge. In the Two-Step Current algorithm, it is 
the average value of pulsed current in the maintenance 
phase. Imin is a fraction of Imax programmed by the 
state of the pin IGSEL and the charging algorithm se- 
lected, per Table 4. 


V CC 


Colder 


V L jf = 0.6V 

0 

CD 

S 

> V H TF = 0.44V 
Vjco = 0.4V 


LTF 

HTF 

TCO 


-o 

CD 

0 

c 

CD 


V SS 


Hotter 


FG203104.eps 


Table 4. Programming Imin 


Two-Step Voltage 

Two-Step Current 

IGSEL 

■min 

IGSEL 

Imin 

L 

Imax/10 

L 

Imax/10 

H 

Imax/20 

H 

Imax/20 

Z 

Imax/30 

Z 

Imax/40 


Setting Temperature Thresholds 

The bq2031 senses temperature by monitoring the volt- 
age between the TS and SNS pins. The bq2031 assumes 
a Negative Temperature Coefficient (NTC) thermistor, 
so the voltage on the TS pin is inversely proportional to 
the temperature (see Figure 9). The temperature 
thresholds used by the bq2031 and their corresponding 
TS pin voltage are: 

TCO — Temperature Cut-Off: Higher limit of the tem- 
perature range in which charging is allowed. 

Vtco = 0.4 * Vcc- 

HTF — High-Temperature Fault: Threshold to which tem- 
perature must drop after Temperature Cut-Off is exceeded 
before charging can begin again. Vhtf = 0.44 * Vcc 

LTF — Low-Temperature Fault: Lower limit of the tem- 
perature range in which charging is allowed. 

Vltf = 0.6 * Vcc- 


VCC 



Figure 9. Voltage Equivalent of 
Current Thresholds 


Figure 10. Configuring 
Temperature Sensing 
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A resistor-divider network must be implemented that 
presents the defined voltage levels to the TS pin at the 
desired temperatures (see Figure 10). 

The equations for determining RT1 and RT2 are: 


Equation 4 


0.6 * V cc 


(V cc -0.250) 
x ( RT1 * (RT2 + R ltf ) 
f (RT2 * R ltf ) 


Equation 5 


0.44 = 


1 

1 + RT1 * (RT2 + R htf ) 
(RT2 * R htp ) 


where: 

■ Rltf = Thermistor resistance at LTF 

■ Rhtf = Thermistor resistance at HTF 

TCO is determined by the values of RT1 and RT2. 1% re- 
sistors are recommended. As an example, the resistor val- 
ues for several temperature windows computed for a 
Philips 2333-640-63103 thermistor are shown in Table 5. 


Vcc 



FG2031 12.6 


Figure 11. RC Network 
for Setting MTO 

Disabling Temperature Sensing 


Table 5. RT1 and RT2 Values for 
Temperature Thresholds 


LTF 

HTF 

TCO 

RT1 

RT2 

(°C) 

(°C) 

(°C) 

(KQ) 

(KQ) 

0 

45 

47 

3.57 

7.50 

5 

45 

47 

3.65 

8.66 

-5 

50 

52 

2.74 

5.36 


Temperature sensing may be disabled by removing the 
thermistor and RT1, and using a value of lOOkti for RT1 
and RT2. 

Setting Timers 

The user sets the Maximum Time-Out (MTO) value. All 
other timing periods used in the bq2031 are fixed as 
fractions of MTO (see Table 6). MTO is set by an R-C 
network on the TMTO pin as shown in Figure 11. 


Table 6. Timing Parameters 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

tMTO 

Maximum Time Out range 

1 

- 

24 

hours 

tQTl 

Qualification time-out test 1 


0.02tMTO 


- 

tQT2 

Qualification time-out test 2 

- 

0.1 6 tMTO 

- 

- 

tDV 

-A 2 V termination sample frequency 

- 

0.008tMTO 

- 

- 

tHOl 

Qualification test 2 hold-off period 

- 

0.002 tMTO 

- 

- 

tH02 

Bulk-charge hold-off period 

- 

0.015tMTO 

- 

- 
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The equation for MTO is: 

Equation 6 

MTO (in hours) = 0.5 * R * C 

where R is in kQ and C is in gF. The value for C must 
not exceed 0.1|uF. 

Example: An MTO of 5 hours is set by R = lOOkQ and 
C = O.ljxF 

Switch-Mode Power Conversion 


by the output of an Operational Transconductance Am- 
plifier (OTA) which, with the compensation network 
connected via Vcomp or Icomp, generates the control sig- 
nal Vc. The OTA characteristics are: Ro = 250kO; Gm = 
0.42m-mho; gain bandwidth = 80MHz. The output of 
each comparator, along with the ramp waveform (Vs), is 
used to generate a pulse-width modulated waveform at 
a constant frequency on the MOD output. Figure 14 
shows the relationship of MOD with Vc and Vs. 

The MOD output swings rail-to-rail and can source and 
sink 10mA. It is used to control the drive circuitry of the 
switching transistor. 


The bq2031 incorporates the necessary PWM control 
circuitry to support switch-mode voltage and current regu- 
lation. 

Figure 12 shows a functional block diagram of a switch- 
mode buck topology converter using the bq2031. The 
battery voltage is divided down to a per-cell equivalent 
value at the BAT pin. During voltage regulation, the 
voltage on the BAT pin (Vbat) is regulated to the inter- 
nal band-gap reference of 2.2V at 25°C (with a tempera- 
ture drift of -3.9 mV/°C). The charge current through the 
inductor L is sensed across the resistor Rsns* During 
current regulation, the bq2031 regulates the voltage on 
the SNS pin (Vsns) to a temperature-compensated refer- 
ence of 0.250V. 

The passive components Ci on the Icomp pin, Rv and Cy 
on the Vcomp pin, and Cf across the high side of the bat- 
tery voltage divider form the phase compensation net- 
work for the current and voltage control loops, 
respectively. The diodes (Dbl and Db2) serve to prevent 
battery drain when VDC is absent, while the pull-up re- 
sistor (Rp) is used to detect battery removal. The resistor 
Rs, typically a few tens of mQ, is optional and depends 
on the battery impedance and the resistance of the bat- 
tery leads to and from the charger board. 


The pulse-width modulated square-wave signal on the 
MOD pin is synchronized to the internal sawtooth ramp 
signal. The ramp-down time (Td) is fixed at approxi- 
mately 20% of the ramp time-period (Tp). This limits the 
maximum duty-cycle achievable to approximately 80%. 
See Figure 14. 

Example: At a switching frequency of Fs = 100kHz, Td 
= 2(lis. 

Inductor Selection 

The inductor selection criteria for a DC-DC buck con- 
verter vary depending on the charging algorithm used. 
For the Two-Step Current and Pulsed Current charge 
algorithms, the inductor equation is: 

Equation 8 

L _ (N * V BLK * 0.5) 

F * AI 

where: 

■ N = Number of cells 

■ Vblk = Bulk voltage per cell, in volts 


Pulse-Width Modulator 

The bq2031 incorporates two PWM circuits, one for each 
control loop (voltage and current, see Figure 13). Each 
PWM circuit runs off a common saw-tooth waveform 
(Vs) whose time-base is controlled by a timing capacitor 
(CPWM) on the TPWM pin. 

The relationship between CPWM and the switching fre- 
quency (Fs) is given by : 


■ Fs = Switching frequency, in Hertz 

■ AI = Ripple current at Imax, in amperes 

The ripple current is usually set between 20-25% of Imax- 

Example: A 6-cell SLA battery is to be charged at Imax 
= 2.75A in a buck topology running at 100kHz. The 
Vblk threshold is set at 2.45V per cell and the charger 
is configured for Pulsed Current mode. Assuming a rip- 
ple = 25% of Imax, the inductor value required is: 


Equation 7 


0.1 


kHz 


Equation 9 


(6 * 2.45 * 0.5) 
(100000 * 0.6875) 


= 107pH 


where CPWM is in gF. 

Each PWM loop starts with a comparator whose positive 
terminal is driven by Vs. The negative terminal is driven 

9/14 


The inductor formula for the Two-Step Voltage charge 
algorithm is dictated by the inductor current, which 
must remain continuous down to Imin during Fast 
Charge phase 2 (voltage regulation phase). 
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Figure 12. Functional Diagram of a Switch-Mode Buck 
Regulator Lead-Acid Charger Using the bq2031 
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Vq (Voltage) |CM£> 


Ramp 

Oscillator 


A/V 


'mod 

Vq (Current) cmr> 


Figure 13. Block Diagram of the bq2031 PWM Control Circuitry 



Figure 14. Relationship of MOD Output to Sawtooth Waveform 
Vs and Control Signal Vc 
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Equation 10 


L = 


N* V blk *Q- 5 
F s * 2 * I MIN 


Example: A 6-cell SLA battery is to be charged at Imax 
= 2. 75 A in a buck topology running at 100kHz. The 
Vblk threshold is set at 2.45V per cell and the charger is 
configured for Two-Step Voltage mode, with Imin = 
Imax/20. The inductor value required is: 


Equation 11 


6 * 2.45 * 0.5 
(100000 * 2 * 0.1375) 


= 267jxH 


Phase Compensation 

For buck-mode switching applications, the suggested com- 
ponent values shown in Figure 12 are good starting points. 
More details on the calculations used in this program are 
available in the application note entitled “Switch-Mode 
Power Converson Using the bq2031.” For assistance with 
other power supply topologies, contact one of our field appli- 
cation engineers. 

Miscellaneous Issues 

Vcc Supply 

The Vcc supply provides bq2031 power and serves as 
the reference voltage for all temperature sense thresh- 
olds (Vltf, Vhtf, and Vtco) and the battery voltage 
thresholds Vhco and Vmin. The timer thresholds (MTO 
and its derivatives) are trimmed within 5% of the typical 
value with Vcc = 5V. 

The Vblk and Vflt thresholds are set from an external 
divider network powered by the battery. These thresh- 
olds are referenced to an internal band-gap reference, 
and the accuracy of voltage regulation will not be ad- 
versely affected by variation in Vcc* The current regula- 
tion threshold (Imax) is referenced to a temperature 
compensated reference and is also unaffected by Vcc. 

DC Power Supply 

The DC power supply voltage (Vdc) for a switch-mode 
application must satisfy the following criterion: 

Equation 12 


V dc = (N*V blk *1.2)+2 


where: 

■ N = Number of cells 

■ Vblk = Bulk voltage threshold per cell 


Logical Control of Charging 
Charge Inhibit 

An inhibit input may be implemented by connecting the 
cathode of a small-signal diode to the TS pin. A CMOS 
logic-level “ 1 ” applied to the anode of the diode then 
functions as an inhibit input, by driving the tempera- 
ture sense voltage out of its allowed range and simulat- 
ing an under-temperature condition. The bq2031 enters 
the Charge Pending state, shutting off charging current 
(driving MOD low) and suspending all timers. When the 
Inhibit signal is allowed to float, the bq2031 returns to 
its previous state (as long as the temperature is still 
within the allowed range). The bq2031 restarts (but 
does not reset) its timers, and the suspended charge cy- 
cle resumes at the point where it stopped. 

Reset 

A logical Reset signal for the bq2031 can be created in a 
manner similar to the Charge Inhibit input described 
above. Instead of being connected to the Ts pin, how- 
ever, the diode is connected to the BAT input. In this 
configuration, a logic “1” on the diode drives Vbat above 
Vhco, simulating battery removal. The bq2031 enters 
the Fault state and waits to see a battery insertion; 
Vbat rising past Vlco or falling past Vhco- Removing 
the logic “1” from the diode creates this transition (as 
long as a battery is still present), and the bq2031 starts 
a new charge cycle. 

Caution: To avoid damage to the bq2031, always 
keep the voltage applied to the anode of the diode 
below Vcc for either the Charge Inhibit or Reset 
implementations. 

Layout Guidelines 

Printed circuit board layout must adhere to the follow- 
ing guidelines to minimize noise injection on the high- 
impedance pins (BAT, Vcomp, Icomp, and SNS). 

1. Use a single-point grounding technique such that 
the isolated small-signal ground path and the high- 
current power ground path return to the power 
supply ground. 

2. The charging path components and traces must be 
isolated from the voltage and current feedback 
small signal paths. 

3. O.IjjlF and IOjjiF decoupling capacitors must be placed 
close to the Vcc pin. This also helps to prevent 
voltage dips while the bq2031 is driving the LEDs. 

4. A lOOpF capacitor, if used for coupling the BAT and 
SNS pins, must be placed close to those pins. 

5. The compensation network on Icomp and Vcomp 
must be placed close to their respective pins. 
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6. Minimize loop area in paths with high pulsating 
currents. 

Battery Removal Detection 

The bq2031 interprets Vbat rising past Vhco or falling 
past Vlco as battery removal, and the bq2031 enters the 
Fault state until a new battery insertion is seen. The 
battery removal transitions are precluded during peri- 
ods of voltage regulation unless circuitry (e.g., a pull-up 
to Vdc) is provided to pull Vbat out of the “battery pres- 
ent” range. 

Voltage regulation occurs during phase 2 of the Two- 
Step Voltage fast charge algorithm and in battery quali- 
fication test 1 which precedes all three algorithms. The 
time-out period of this test (= 0.02 * MTO) is at least 1.2 
minutes and may be as long as 28.8 minutes. Unless 
waiting through this period before detecting battery re- 
moval is acceptable, the pull-up is required in the purely 
current regulated algorithms as well. A diode should 
also be installed in the path of the pull-up to prevent the 
power supply from draining the battery when the supply 
is turned off. Refer to resistor R12 and diode D3 in the 
example design in Figure 15. 


This pull-up creates a background trickle charge current 
to the battery that can be minimized by minimizing the 
voltage overhead; that is, the voltage difference between 
the Vdc supply and the battery stack. 

Load-Only Operation 

The bq2031 supports the case in which the charger must 
supply the load in the absence of a battery, provided the 
load can pass the two pre-charge qualifications tests 
(draw current of at least Icond when regulated at Vflt 
+ 0.25V and maintain voltage of at least Vmin when 
regulated at Icond)- Further, the load must not create 
conditions that cause fast charge termination or it must 
be able to tolerate the conditions of maintenance regula- 
tion for the charge algorithm selected. This is regula- 
tion at Vflt in the case of the Two-Step Voltage 
algorithm or constant or hysteretic pulsed current sup- 
ply in the case of the Two-Step Current and Pulsed Cur- 
rent algorithms, respectively. This can be a problem for 
intermittent loads unless circuitry is provided to main- 
tain these conditions during the low-load or no-load pe- 
riods. 


Icond 

o 

Icond 


IGSEL = L 

Ave. Current 

^4 



















m- Tp = 0.4 Sec — h 


0.2 Sec 


IGSEL = H 
Ave. Current 


Tp = 0.8 Sec 


Icond 


igsel = z / 

Ave. Current 




Tp = 1 .6 Sec 


TD203101.eps 


Figure 15. Implementation of Fixed-Pulse Maintenance Charge 
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Back-up Supply Regulation 

To protect the system from damage during periods of fast 
charge voltage regulation, the bq2031 regulates to Imax if 
the current tries to rise above that level, and has an abso- 
lute current limit of 1.25 * Imax- Similarly, during periods of 
fast charge current regulation, the bq2031 enforces a Vblk 
upper limit on voltage, and regulates to Vblk if the voltage 
tries to rise above this level. During the maintenance 
phase, the bq2031 regulates to Vflt and Icond during peri- 
ods of current or voltage regulation, respectively. 


Maintenance charging in the Two-Step Current Algo- 
rithm is implemented by varying the period (TP) of a 
fixed current (Icond = Imax/5) and duration (0.2 second) 
pulse to achieve the configured average maintenance 
current value. See Figure 16. 

Maintenance current can be calculated by: 


Equation 14 

Maintenance current = — — ^cond . ) 

T 


((0.04) * I^Ax) 

Tp 


Applications Example: Single-Ended 
Buck Charger 

For an application example, please see the DV2031S1 
data sheet and schematic. 

Appendix A: Implementation Details 
of Pulsed Maintenance Charging 

Two-Step Current Algorithm 


where TP is the period of the waveform in seconds. 
Table 7 gives the values of TP programmed by IGSEL. 


Table 7. Fixed-Pulse Period by IGSEL 


IGSEL 

Tp(s) 

L 

0.4 

H 

0.8 

Z i 

1.6 


Revision History 


Charge No. 

Page No. 

Description 

Nature of Change 

1 

4,5 

Renamed 

Figure 7 was: Pulsed Current; Is: Two-Step 
Current 

1 

6,8 

Changed values in Equations 3 and 4 

Was: 0.275V; is now 0.250V 

1 

9 

Under Switch-Mode Power Conversion 

Changed value, was: 0.275V; is now 0.250V 

1 

11 

Figure 13 changed 

Block diagram has been reconfigured. VC was 
0.275V; us biw 0.250V 

1 

13 

Applications Example changed 

Changed to: For an application example, please 
see the DV2031S1 datasheet and schmatic 

1 

14 

Figure 15. Example Schematic of a 
Single-Ended Buck Topology Charger 

Deleted 

1 

15 

Table 7. Parts List for Single-Ended 
Buck Charger 

Deleted 

2 

8 

Equation 4 

Was: -0.275 

Is: -0.250 

2 

9 

Temperature-compensated reference 

Was: 0.275V 

Is: 0.250V 

2 

12 

Equation 12 

Was: V D c = (N * Vblk) + 3V 

Is: Vdc = (N * Vblk * 1.2) + 2 

3 

12 

Clarify description for phase 
compensation 



Notes: Change 1 = April 1997 B changes from Dec. 1995. 

Change 2 = Oct. 1997 C changes from April 1997 B. 
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U-51 1 Switch-Mode Power 



Conversion Using the bq2031 


Introduction 

The bq2031 incorporates the necessary PWM control cir- 
cuitry to support switch-mode voltage and current regu- 
lation, as required by its charge control function block. 
This application note describes how to configure the 
bq2031 in buck mode switching power supply topology. 
A methodology for phase compensation of the voltage 
and current feedback loops is recommended. A brief de- 
scription of the PWM control circuitry and phase com- 
pensation criteria appears below, followed by a 
discussion dealing with topology-specific issues. 

The Pulse-Width Modulator 

The bq2031 incorporates two voltage mode direct duty 
cycle Pulse-Width Modulators, one for each control loop 
(voltage and current). A block diagram is shown in Fig- 
ure 1. Each PWM runs off a common saw-tooth wave- 
form whose time-base is controlled by a capacitor, Cpwm 
on the TPWM pin. 


The relationship of CpwM to the switching frequency, FS 
is given by: 

Equation 1 

F s = -M- kHz 
r 

^PWM 

where: 

■ Cpwm is in ]iF. 

The PWM for either loop consists of a comparator 
whose positive terminal is driven by the output of the 
sawtooth ramp signal, Vs, while the negative terminal 
is driven by the output of an Operational Transcon- 
ductance Amplifier (OTA). The output is the control 
signal, Vc. The output of each PWM is logically ORed 
to generate a constant frequency pulse width modu- 
lated rectangular waveform at the MOD output. The 
relationship of the MOD output with respect to the 
OTA control signal, Vc, and the sawtooth ramp signal, 
Vs, is shown in Figure 2. 


^COMP 



Figure 1. Block Diagram of the bq2031 PWM Control Circuitry 
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The MOD output swings rail-to-rail and can source and 
sink 10mA. It is used to control a switching transistor 
in a switch-mode application. 

The pulse width modulated square wave signal on the 
MOD pin is synchronized to the internal sawtooth ramp 
signal. The ramp-down time (Td) is fixed at approxi- 
mately 20% of the total period (Tp). This condition lim- 
its the maximum duty-cycle to approximately 80%. For 
example, with a switching frequency Fs = 100kHz, Td = 
2(lis. 

Phase Compensation 


Voltage and Current Control Loops 

Two independent PWM function blocks implement di- 
rect duty cycle control for current and voltage regula- 
tion. During current regulation the feedback signal is 
the voltage across the current sense resistor, Rsns, as 
shown in the current feedback loop model of Figure 3. 

The current regulation total open-loop transfer function, 
IL(s), may be expressed as: 

Equation 2 

I L (s) = A(s)*P tt (s)*P T (s) 


As in any feedback control system, phase compensation 
is necessary to achieve both loop stability and dynamic 
line and load response. As shown in the PWM block dia- 
gram (Figure 1) the bq2031 provides two high- 
impedance nodes, Icomp and Vcomp, for current and 
voltage loop phase compensation. In a battery charger 
application the dynamic load response is not as much a 
concern as loop stability, especially during voltage regu- 
lation. 


where: 

■ A(s) is OTA error amplifier and compensation net- 
work transfer function, Vc/Vo 

■ Pco(s) is the PWM transfer function, D/V c 

■ Pt(s) is the power train transfer function, Vo/D 

■ D is the duty cycle of the PWM waveform 



Control 

Signal 

(V C ) 


*Exaggerated for Clarity 


TD203103.eps 


Figure 2. Relationship of MOD Output to Sawtooth Waveform 
Vs and Control Signal Vc 
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During voltage regulation, the feedback signal is the vider (between RBI and RB2). The voltage feedback 

voltage sensed at the midpoint of the battery voltage di- control loop is modeled as shown in Figure 4. 


bq2031 Error Amp and PWM V| N 



Figure 3. Model of Current Control Loop 



Figure 4. Model of Voltage Control Loop 
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For voltage regulation, the total open-loop transfer func- 
tion, VL(s), may be expressed as: 

Equation 3 


V L (s) = A(s) * P ra (s) * P T (s) 


where: 

■ Pt(s) is the transfer function of the output power 
stage, Vo/D. 

The switching frequency and circuit topology of the sys- 
tem dictate the gain-frequency characteristics of the out- 
put power stage. The PWM characteristics are fixed 
within the bq2031. This situation leaves the OTA and 
its associated compensation network as the only func- 
tion block whose characteristics can be changed to 
achieve the desired loop stability and response. 

The Error Amplifier 

The bq2031 error amplifiers are the OTA (Operational 
Transconductance Amplifier) type. The parameters of 
interest (see Figure 6) are: 

■ Transconductance gain, gm = 0.42 milli-mhos 

■ Output resistance of error amplifier, R = 250k£2 

■ Gain Bandwidth product = 80MHz 

This situation fixes the maximum voltage gain at 105 
(gm*R) or 40.4dB, which is good out to the 3dB corner 
frequency of 2MHz. Note that the 40dB gain is the 
maximum achievable, regardless of the impedance 
across the output to ground. 

Criteria for Loop Stability 

The gain and phase characteristics of the OTA and asso- 
ciated circuitry must be adjusted to meet the following 
three criteria for loop stability: 

1. Total open-loop gain (IL(s) and VL(s) above) must 
be forced to OdB at a crossover frequency (FC) equal 
to at least 1/6 the switching frequency (FS). 

2. The phase of the total open-loop gain at FC must be 
at least 45 degress less than 180 degrees. 

The above criteria for loop stability can be easily 
achieved if the total loop-gain transfer function exhibits 
dominant pole characteristics as shown in Figure 5. 

Stabilizing the Current Loop 

From Equation 2, the total open-loop transfer function is 
expressed as: 


I L (s) = A(s)*P ra (s)*P T (s) 

Pco(s) (the transfer function for the PWM) is given as: 


P.(s) = 



where: 

■ Dmax is the maximum duty cycle of the PWM waveform 

■ Vs is the peak-to-peak amplitude of the sawtooth waveform 

For the bq2031, Vs is fixed at 1.7V, and the maximum 
duty cycle is 80%. This condition reduces the PWM 
transfer function to: 

Equation 4 


P ra (s) = 0.47 

Pt(s) (the transfer function for the output power stage) is 
given as: 

Equation 5 

P r (s) - 

Vin * (1+ s *R ; *C B ) *R sns 

R j + RgNs s[L + R 0 R l * Cg + Rsns R *R l * Cg 


where: 

■ s is the complex variable jco 

■ Vin is DC input voltage 

■ CB is the equivalent internal battery capacitance 
(see Figure 11) 

■ L is inductor value 

■ Rl is inductor resistance 

■ Ri is the equivalent internal battery resistance (see 
Figure 11) 

■ Rsns is sense resistor value 

■ Ro is the equivalent battery load resistance (see Fig- 
ure 11) 

Stabilizing the current loop requires the compensation of 
the loop error amplifier to be such that the transfer func- 
tion A(s) has dominant pole characteristics. This can be 
achieved by adding a capacitor, Ci, between ground and 
the output of the OTA error amplier as shown in Figure 
6 . 

The transfer function A(s) is given as : 

A( S) = ^ = - 

V 0 (1 + (s * R * Cj)) 
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Substituting values for gm and R, we get: 


Equation 6 


A(s) = 


105 

(1 + (s * 250000 * Cf)) 


where: 


■ Ci is the output capacitance of the error amplifier (see 
Figure 6) 

Substituting Equations 4 and 5 in Equation 2 gives the 
compensated total current loop gain transfer function: 


Equation 7 


Ms) 


0.47 * V IN * 105 
(1 + (s * 250000 * Cj)) 


The resultant transfer function of the compensated er- 
ror amplifier may be expressed as: 


Equation 8 


D * 105 * (1 + s*RB 1*C f )* (1 + (s*R v *C v )) 

S ~ (1 + s*D*RB 1 *C f )* (1 + s * (2.5* 10 5 + R V )*C V ) 
where: 

■ D = Battery voltage divider ratio during voltage regu- 
lation: 


RB2 || RB3 
((RB2 || RB3) + RBI) 



- Note: See the application note entitled “Using the 
bq2031 to Charge Lead- Acid Batteries” for 
instructions on calculating RBI, RB2, and RB3. 


As shown in the bode plot for IL(s) (Figure 7), Ci can be 
varied to achieve the necessary phase and gain margin 
for different Vin values. 

Stabilizing the Voltage Loop 

Recalling Equation 3, the voltage regulation open-loop 
transfer function can be expressed as: 

V L (s) = A(s) * P C5 (s) * P T (s) 

The output power stage transfer function Pt(s) depends 
on the inductor and battery impedances. 

The components required to compensate the error ampli- 
fier for achieving voltage loop stability appear in Figure 8. 


■ RBI = the resistor value between the high side of the 
battery stack and the BAT pin in the battery voltage 
divider network 

■ Cf = the capacitance in parallel with RBI 

■ Ry = series resistance between Vcomp and ground 

■ Cv = series capacitance between Vcomp and ground 

(See Figure 8 and Voltage Loop Error Amplifier 
Compensation below for calculating the values of Cf, 
Rv, and Cv.) 

The above transfer function contributes two poles and 
two zeros. 



FG203108.eps 


Figure 6. Compensation Network for the Current Loop 
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Poles (Equation 9) 


(271 * (2.5 * 10 5 + R v ) * C v ) 


(2n * D * RBI * C F ) 

Zeros (Equation 10) 


(271 * RBI * C F ) 


(2k * R v * C v ) 

The effect of this feedback and compensation network on 
the transfer function of A(s) is shown in Figure 9. 

Voltage Loop Compensation for Buck Topology 

Figure 10 shows a functional diagram of a switch-mode 
buck topology converter using the bq2031. The battery 
voltage is divided down to a per-cell equivalent value at 
the BAT pin. During voltage regulation, the voltage on the 
BAT pin (Vbat) is regulated to the internal band-gap refer- 
ence of 2.2V (with a temperature drift of -3.9mV/°C). The 
charge current through the inductor L is sensed across the 
resistor Rsns. During current regulation, the bq2031 regu- 


lates the voltage on the SNS pin (Vsns) to a temperature- 
compensated reference of 0.275V. This in turn regulates 
the current to Imax, provided that a properly designed re- 
sistor network is in use. 

The passive component C on the Icomp pin and Rv and 
Cv on the Vcomp pin form the phase compensation net- 
work for the current and voltage control loops, respec- 
tively. The diode (Dbi) prevents battery drain when Vdc 
is absent, while the pull-up resistor (R) detects battery 
removal. The resistor R13, typically a few tens of mQ, is 
optional and depends on the battery impedance and the 
resistance of the battery leads to and from the charger 
board. 

The Output Power Stage 

The output power stage in a buck topology charger com- 
prises the inductor L and the parallel combination of the 
output capacitor, Co, and impedance of the battery (see 
Figure 12). The output capacitor is electrolytic and in the 
range from 47pF to lOOqF. It nullifies the inductive effect 
of long leads from the charger terminals to the battery. 

Inductor Selection 

The inductor selection criteria for a DC-DC buck con- 
verter vary depending on the charging algorithm used. 
For the Two-Step Current and Pulsed Current charge 
algorithms, the inductor equation is: 



Figure 8. Compensation Network for the Voltage Loop 
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■ LED2/DSEL TMTO 

■ LED1 /TSEL FLOAT 

■ MDD BAT 

■ VCC VCOMP 

• VSS I COMP 

■ COM I GSEL 

LED3/QSEL SNS 

■ TP WM TS 



D5 

Pi LED 


Figure 10. Functional Diagram of a Switch-Mode Buck 
Regulator Lead-Acid Charger Using the bq2031 
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Equation 11 

L _ (N * V blk * 0-5) 

F* AI 

where: 

■ N = number of cells 


configured for Two-Step Voltage mode, with Imin = 
Imax/20. The inductor value required is: 


L = 


6 * 2.45 * 0.5 
(10 5 * 2 * 0.1375) 


= 267jnH 


Model of a Lead Acid Battery 


■ Vblk = bulk voltage per cell, in volts 

■ Fs = switching frequency, in Hertz 

■ AI = ripple current at Imax, in amperes 

The ripple current is usually set between 20-25% of 
Imax. 


The battery impedance can be represented as a capaci- 
tor (Cb) in series with its internal impedance (R) as 
shown in Figure 12. The capacitance can be empirically 
derived from the amp-hour rating of the battery. The 
rule of thumb is: 

C B = 100 * C 


Example: A 6-cell SLA battery is to be charged at Imax = 
2.75A in a buck topology running at 100kHz. The Vblk 
threshold is set at 2.45V per cell and the charger is con- 
figured for Pulsed Current mode. Assuming a ripple = 
25% of Imax, the inductor value required is: 


(6 * 2.45 * 0.5) 
(10 5 * 0.6875) 


= 107|wH 


where C = the capacity of the battery in ampere-hours. 

The internal resistance Ri of a lead-acid battery is 
dictated by: 

■ Number of cells, N 

■ Amp-hour capacity, C 

■ State of charge 


The inductor current, which must remain continuous 
down to Imin during Fast-Charge phase 2 (voltage regu- 
lation phase), dictates the inductor formula for the Two- 
Step Voltage charge algorithm. 


Equation 12 


L _ N * V BLK * 0.5 

Fa * 2 * I MT"M 


Example: A 6-cell SLA battery is to be charged at Imax 
= 2. 75 A in a buck topology running at 100kHz. The 
Vblk threshold is set at 2.45V per cell and the charger is 


Figure 12 shows the variation of the internal impedance 
of a Yuasa NP6-12 (12V, 6 amp-hrs) battery as a func- 
tion of its state of charge. 

An average value of the impedance swing is recommended 
for use in loop stability equations. For example, with the 
battery above, R = 0.050 is recommended. 

The resistor RO models the loading effects of the battery 
when a voltage equivalent to Vblk (typically 2.45V/cell) 
is applied across the battery. The range of values RO 
takes on depends on the bulk charge current, the bulk 
voltage, and the Imin to Imax ratio. For example: A 12V 
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battery being charged at Imax = 3A exhibits the follow- 
ing range with a Imin/Imax ratio of 1:20. 

04 k 

R x (min) = 6 * — — = 4.9 Q 
3 

9 45 

R, (max) = 6 * — — = 98 Q 
0.15 

Use the minimum value for worst-case scenario of loop 
stability. 

The Power Stage Transfer Function 

The transfer function of the output power stage, Pt(s) 
can be expressed as: 

Equation 13 

P fc) - V in *(1+(s*R*C b )) 

T (l+(s/(B 0 ) 2 + (s*(R i C B + y Ro ))) 

where: 

co 0 = 1 / ,/L * C B 

The poles and zeros of Pt(s) are: 

Equation 14 

fzo = 

(27t * R. *C B ) 


fpo = 1 /(2k * yjh * C B ) 

A second pole is not used in these calculations: 

1 

271 * (R t C B + y Ro ) 

Typical Switch-Mode Buck Charger 
Specifications 

The application specifications for a switch-mode buck to- 
pology charger are usually given as : 

■ DC input voltage, Vin = 20 to 30V 

■ Switching frequency, Fs = 100kHz, T = lOps 

■ Charge algorithm = Two-Step Voltage mode: 

- Vblk = 2.45V/cell , V FLT = 2.2V/cell 

- Imax = 3A, Imin = Imax/30 = 300mA 

■ Battery specs: 12V, lOA-hr, Internal impedance: 0.02 
to 0.07Q 

PWM and Output Power Stage Transfer 
Functions 

Starting again from the basic voltage regulation loop- 
gain transfer function (Equation 3) is given as : 

V l (s) = A(s)*P»*P t (s) 



Figure 12. Internal Resistance of Yuasa NP6-12 Battery 
vs. State of Charge 


12/16 


3-371 




Switch-Mode Power Conversion Using the bq2031 


This equation can be written as: 

V L (s) = A(s) * G(s) 

where G(s) is the combined transfer function of Pco(s) 
and Pt(s) 


Set the two zeros of A(s), fzl and fz2, at 1/2 to cancel the 
second-order poles of G(s) at fpo: 

fzl = fz2 = fpo/2 = 263/2 = 131.5 Hz 

From Equation 10's first zero, fzl: 


Combining Equations 4 and 13: 


Equation 15 


G(s) = 


0.47 * V IN * (1 + (s * R * C B )) 

(1 + (s / cq 0 ) 2 + (s * (RiC B + y Ro ))) 


G f 


1 

(2 n * RBI * fzl) 


= 4.63nF 

(2k * 2.61 *10 5 * 131) 


From Equation 9's second pole, fp2: 

fp2= 865 Hz 


Based on the typical values in the section above, the 
worst-case values for loop parameters are: 

■ Vin = 30 V 

■ Ri = 0.05G 


To achieve 0 dB loop-gain at Fc, the compensated ampli- 
fier gain at fp2 must be forced to the absolute gain of 
G(s) at the crossover frequency, which can be deter- 
mined from the Bode plot in Figure 13 to be -31dB = 
35.48. 


■ C B = 100 * 10 = lOOOpF 

■ Ro = 4.9Q 


From Equation 12: 


(6 * 2.45 * 0.5) 
(10 5 * 2*0.1) 


= 367.5pH 


The resulting bode plots for G(s) are shown below. 

Since the plots exhibit similar characteristics to that of 
the output power filter, Equation 14 can be used to de- 
termine the poles and zeros: 

■ fpo = 263Hz 

■ fzo = 3183Hz 


The value for Ry can be determined from the gain mag- 
nitude equation for A(s) at fp2 


A (f p2 ) = 


105 * D * R v 
2.5 * 10 5 * R v 


Using the value of 35.48 for A(fp2) in the above equation 
gives: 


R v 


35.48 * 2.5 * 10 5 
35.48 - 15.75 


= 450k£2 


Plugging this value for Ry into equation 10 for fz2 
yields: 


C v 


± = 2.7nF 

2k * 450 * 10 3 * 131 


Voltage Loop Error Amplifier Compensation 

For this control loop, appropriate values must be found 
for Ry and Cy, the compensation components for the 
Vcomp pin. From Table 3 of “Using the bq2031 to 
Charge Lead- Acid Batteries,” the values for the divider 
network components are: 

■ RB 1=26 IK 


Substituting these values for Ry and Cy in equation 10 
for fp2 gives: 

fp2 = = 842Hz 

2k * (450kQ + (2.5 * 10 5 )) * 2.7nF 

Figures 14 and 15 show the resultant Bode and loop 
gain plots for A(s), respectively. 


■ RB2=49.9K 

■ RB3= 475K 
Therefore 

D: 


(RB2 * RB3) 


(RB2 * RB3 + (RBI * (RB2 + RB3))) 


= 0.15 


Current Loop Error Amplifier Compensation 

For this control loop, the value must be found for Ci, the 
compensation component for the Icomp pin. The com- 
pensation network component Ci must be chosen such 
that the current loop gain transfer function has a domi- 
nant pole at l/20th of the switching frequency, F(s). 


From the first criterion for loop stability, set the cross- 
over frequency Fc (0 dB loop-gain) to l/20th the switching 
frequency: 

Fc = Fs /20 = 5kHz 

13/16 


= 131.5 

2k * (2.5 * 10 5 ) * C A 

C, = -- = 4.84nF 

2ji * (2.5 * 10 5 ) * 131.5 
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Figure 13. Bode Plot for G(s) 
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Figure 15. Loop Gain Bode/Example Buck Charger Design 
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Rechargeable Alkaline ICs 


Introduction 

Choosing the right battery chemistry for a particular 
application depends on many factors. In some cases, the 
appropriate choice is rechargeable alkalines, which have 
advantages over other secondary battery chemistries, 
such as NiCd or NiMH: 

■ Much lower self-discharge rate 

■ Increased capacity 

■ Increased energy density 

■ Low cell cost and good availability 

For low to moderate power levels (AA or AAA cells at 
20-400mA loads), these advantages are exploited in 
applications which include portable audio, handheld 
instruments, palmtop computers, calculators, personal 
communication devices, electronic games, personal care 
products, and others. 

The internal resistance of alkalines, however, is higher 
than that of the spirally wound NiCd or NiMH systems. 


As a result, alkaline cells provide lower effective capac- 
ity at higher discharge currents. 

The bq2902 and bq2903 ICs manage rechargeable alka- 
lines such as the Renewal® cells from Rayovac®. These 
ICs monitor the charge and discharge cycles of recharge- 
able alkalines to extend their cycle life. The bq2902 
manages two cells, and the bq2903 manages either three 
or four cells. 

These parts feature the following: 

■ LED driver output(s) to indicate charge status 

■ Selectable end-of-discharge voltage (EDV) to 
prevent overdischarge and to improve cycle 
life 

■ Optional external FET drive, allowing higher 
current loads (bq2903 only) 

■ Pulsed current taper 




bq2902 bq2903 


Figure 1. Functional Block Diagrams 
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Contents 


This application note discusses these key points about 
the bq2902/3: 

■ Functional Description 

■ Charge Control 

■ Discharge Control 

■ Practical Considerations 

For complete device specification, please refer to the 
bq2902 or bq2903 data sheet. 

Functional Description 

The bq2902 and bq2903 function similarly. There are 
certain differences between the two ICs, however, as 
indicated in Table 1. 

Table 1 . bq2902/3 Differences 


Feature 

bq2902 

bq2903 

Number of monitored cells 

2 

3 or 4 

Vop (Max) 

5.5V 

10V 

Status outputs 

1 

2 

External FET drive (DRV pin) 

No 

Yes 


The DRV pin on the bq2903 controls an external N-FET 
for use when discharge currents are in excess of 400mA. 
(See the functional descriptions in the bq2902 and 
bq2903 data sheets.) Figure 1 shows the bq2903 func- 
tional block diagram; note that the DRV pin is present 
in that diagram. The bq2902 does not provide a DRV 
pin for external discharge FET control. 

Charging 

The bq2902/3 charges cells in series; therefore, it is not 
recommended for use in stand-alone chargers where 
anywhere from one to four cells are charged. 

A load should not be connected to the battery during 
charge because the bq2902/3 requires an accurate meas- 
urement of the no-load battery voltage (i.e., open-circuit 
voltage) to terminate charge properly. See the “Power- 
ing the Load While Charging” section of this application 
note. The open-circuit voltage (Vocv) of each cell is 
monitored during the idle period, as seen in Figure 2. 

During the OCV test, if any cell is above 1.63V, then the 
following charge pulse is skipped. The bq2903 termi- 
nates charge when a cell remains above 1.63V long 
enough for 16 consecutive pulses to be skipped. The 
effective charging current equals approximately 6% of 
the fast charge rate. The bq2902 terminates charge 


when 32 consecutive pulses are skipped. This effective 
charging current equals approximately 3% of the fast 
charge rate. These algorithms effectively taper the 
charging current until termination occurs. Charge ter- 
mination can be indicated using an LED . 


Charge 

Current 


Battery 

Voltage 


Voltage readings are taken when 
no current is being applied to battery 


Time 





Figure 2. Cell Voltage/Current During 
Charging 


Charging Source 

The charging supply must limit the current through the 
DC pin to less than 300mA to prevent excessive power 
dissipation in the internal charge switch. The charging 
supply must provide at least 2.0V*N (where N is 
number of cells) to charge the battery properly. The 
bq2902/3 controls charging by periodically connecting 
the current source to the battery stack through the 
BATip pin. The compliance voltage of the current 
source should also be limited to prevent the DC pin from 
exceeding its rated operating voltage (Vop max.) when 
the charge switch is “off.” 

The charging current can be extended to above 300mA, 
as discussed in the “Constant-Current Charging: 
>300mA” section of this application note. At higher 
charging currents, the cell voltage takes longer to 
recover, thus skipping more charging pulses and termi- 
nating charge earlier. A few percentage points in capac- 
ity can be gained by limiting the charging source to 
below 300mA, but the trade-off is a longer charge time. 
By testing charge times in your application, you can 
determine these trade-offs. 
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Charge Control 

Low-Current Charging: « 100mA 

A low charge rate of 100mA or less may be acceptable in 
some applications such as electric toothbrushes, cordless 
phones, and flashlights. Quasi-constant-current charg- 
ing can be cost-effective for these applications. (See Fig- 
ure 3.) 

The charge current is limited by an inexpensive resistor, 
R5, or by the secondary winding resistance of an AC -DC 
wall-mount adapter. The charge current into the DC pin 
now varies with the battery’s state of charge and input 
voltage. As the battery charges and the voltage rise, the 
peak current into the DC pin decreases with the 
decreasing voltage drop across R5. Low efficiency limits 
the suitability of this design to low-rate charging. 

Design example: 

Given: Vin =12V, IcHG(min) ~ 100mA 
Find: R5 for the charger in Figure 3 
Solution: 

R5 = (12V - 3 cells *2 V/cell)/l 00mA = 600. 

Choose a standard resistance value: R5 = 560 

Verify that the charge current is under 300mA if the per 
cell voltage is 0.4V: 

I = (12V - 3 cells*0.4V/cell)/56O = 193 mA 


The maximum power dissipation in R5 is 

Pd(R5) = 0.75 * 560 * (193mA)2 = 1.56W. 

The maximum power dissipation of D4 is 

Pd(D4) = (12V - 10V)/56O * 10V = 375mW 

The charge current varies between 107mA and 193mA, 
depending on the battery’s state of charge. 

In most instances, the cell voltage does not go below the 
minimum EDV cutoff voltage of 0.9V. In these cases, the 
value of R5 can be increased and its power rating 
decreased accordingly. 

R2, R3, and C1-C3 are for ESD and latch-up protection. 
Q1 and D3 allow the load to operate from the charging 
supply or from the battery. The operation of this circuit 
is discussed in greater depth in “Powering the Load 
While Charging.” 

Constant Current Charging: < 300mA 

The circuit in Figure 4 can charge up to a 300mA rate. 
The front end (Ql, Q2, Q3, R2, R3, R4, R8, and Rsns) is a 
constant-current source with output voltage limiting. 
The charge current and output voltage limits are set as 
follows: 

Charge current: Ichg ~ 0.65V/Rsns 

Vout limit: R3/R4 ~ (Vo/0.65V-l) 

The output voltage limit is set at 9.1V, providing enough 
voltage to charge 4 cells. Ichg is set at 295mA. 
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Figure 3. Low-Cost Quasi-Constant-Current Charger 
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The maximum power dissipated by Q1 is 

Pd(Ql) = (16V - 0.4V/cell * 4 cells) * 300mA * 75% 
or 

Pd(Ql) = 3.24W 

This calculation assumes an unregulated power supply 
with an output voltage of 10V-16V. The power dissi- 
pated by Q1 reduces to 1.89W if the power supply is 
regulated to 10V. 

D4 ensures that the bq2902/3 can change from the 
charge to discharge mode if the charging supply is 
turned off. This mode change is triggered by the DC pin 
falling 155mV below the voltage at BATip. If the capaci- 
tance at the current source input is too large and D4 is 
absent (i.e., replaced with a short), the bq2902/3 gets 
stuck in the charge mode. A large capacitance can 
appear at the current source input if the charger is con- 
nected to an adapter that is unplugged from the outlet. 
A typical adapter has a large filter capacitor across its 
output (e.g., lOOOpF). To understand how the bq2902/3 
can get stuck in the charge mode, consider the sequence 
of events that occur after the charging supply is turned 
off. Remember, the bq2902/3 is initially in the charge 
mode, so its internal charge switch is pulsing at a 75% 
duty cycle. 

The sequence of events is as follows: 

1. Turn off the charging supply. 


2. The voltage at the DC pin falls until it is equal to 
the voltage at BATip. 

3. The charge switch is closed. The voltage at the 
DC pin is forced to the voltage at BATip. 

4. The charge switch is open. The voltage at the 
DC pin falls below the voltage at BATip. The rate 
of decay is determined by the capacitance at the 
current source input 

5. If the capacitance is large, the voltage at the DC 
pin does not fall 155mV below the voltage at 
BATip while the switch is opened. The bq2902/3 
remains in the charge mode and the charge 
switch closes again. 

6. The charge switch is closed. The capacitor is 
connected across the battery through Q1 (Q1 
turns on because of its non-zero reverse p). 
The capacitor is charged to the voltage at BATip. 

7. The cycle repeats at step 4. 

In summary, D4 behaves as a one-way valve. It allows 
the input capacitor to discharge, but prevents it from 
being charged by the battery. The capacitor voltage 
eventually decays and the bq2902/3 exits the charge 
mode. D4 can be omitted if the capacitor across the cur- 
rent source is small enough to allow the charger to func- 
tion properly. 


pi 



Figure 4. 300mA Linear Charger 
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Constant-Current Charging: >300mA 

There are times when charging at greater than 300mA 
is desirable — for example, when charging either C or D 
size cells. The bq2902/3 can carry a maximum charge 
current of 300mA; however, the bq2902/3 can be used to 
control rather than carry the charge current. This 
charge method is used in Figures 5 and 6. 

As a point of reference, the table below outlines the 
maximum recommended pulse charge current for 
Renewal cells. 


Table 2. Maximum Pulse Current 
for Renewal Cells 


Cell 

Peak Current 
(mA) 

AAA 

300 

AA 

700 

C 

1500 

D 

1500 


through the bq2903. The bulk of the charge current 
flows directly from the current source to the battery. 

D5 prevents the DC pin from exceeding its maximum 
rated voltage. D4 prevents the battery from being dis- 
charged by the current source. Q3 is in parallel with the 
internal discharge FET to reduce the effective resistance 
of the discharge path. 

A self-oscillating switch-mode current source can be 
used instead of a linear current source to reduce power 
dissipation, as shown in Figure 6. Power conversion effi- 
ciency is typically 75% for the former and 40% for the 
latter. In Figure 6, the loop area formed by C5, Rsns, 
Q2, D4, and D6 should be small to minimize RF emis- 
sions. 

The peak charge current for the linear or switch-mode 
current source is set by Rsns: 

Ichg ~ 0.65/Rsns 


The circuit in Figure 5 can fast charge C or D cells. The 
current source (Ql, Q2, Q4, Q6, Rsns, R3, R6, R8, and 
R9) turns on when the bq2903 gates current into the 
battery. Less than 1% of the charge current flows 
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Figure 5. One-Amp Linear Charger 
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Discharge Control 

EDV Selection 

The most important causes of capacity fade are over-dis- 
charge and the number of discharge cycles. The depth of 
discharge (DOD) is determined by the rate of discharge 
and the end-of-discharge voltage (EDV). 

The DOD to a given EDV is affected by the internal 
resistance of rechargeable alkalines. (See Figure 8.) 
Internal resistance increases with storage time and use. 
At low discharge rates, the voltage drop across this 
resistance is low, allowing for a greater DOD than at 
higher rates. This DOD causes a higher degree of capac- 
ity fade at low discharge currents. High discharge rates 
create a higher voltage drop across the battery’s internal 
resistance, thus allowing a lower EDV with less effect on 
cycle life. 

The bq2902/3 uses a low-side switch connected between 
LRTN and Vss, as seen in Figure 1, to disconnect the 
load from the battery when a cell falls below the user 


selected EDV. EDV can be configured to be 1.1V, 1.0V, 
or 0.9V, as shown in Table 3. 


Table 3. Configuring for Selectable 
End-of-Discharge Voltage (Vedv) 


VSEL 

Vedv 

BATip 

1.1V 

Floating 

1.0V 

Vss 

0.9V 


The EDV cutoff function is active only if the bq2902/3 is 
in the discharge mode (Vdc< Vbatip). If the bq2902/3 is 
in the charge mode (Vdc >Vbatip), the EDV cutoff func- 
tion is disabled, and the discharge switch stays “on.” 

Again, the discharge current, the battery’s internal 
resistance, and the end-of-discharge voltage together 
determine the depth of discharge. Table 4 suggests 
some EDV values for various cell sizes and rates of dis- 
charge to help maximize cumulative discharge capacity. 


U2 

MIC29I52 



Figure 6. One-Amp Switch-Mode Charger Using an LDO for a Voltage Clamp 

and High-Side Load Switch 
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Table 4. Suggested EDV for Various 
Discharge Rates 


Vedv 

AAA 

AA 

C 

D 

1.1V 

20mA 

50mA 

100mA 

100mA 

1.0V 

50mA 

100mA 

200mA 

200mA 

0.9V 

>100mA 

>200mA 

>300mA 

>300mA 


These voltages may differ depending on the use of the 
cells in the actual application. 

Low-Side Switch 

Either the bq2902 or bq2903 can sink 400mA of load 
current with its internal FET. Current handling can be 
augmented by paralleling the internal FET with an 
external FET (Q3) as shown in Figure 5. Only the 
bq2903, however, has the DRV pin available to drive the 
gate of the external FET. 

High-Side Switch 

A high-side load switch can be used if the load and bat- 
tery must share the same return. The switch is imple- 
mented with a P-channel MOSFET (Q5) as illustrated in 
Figure 7. The current through the LRTN pull-up resis- 
tor should be comparable to the battery’s leakage cur- 
rent to minimize battery drain during in-system storage. 


The leakage current is determined from the self dis- 
charge rate of a rechargeable alkaline which is typically 
0.01% per day. For example, the leakage current of a 
1.4Ahr capacity AA-cell is 

I = 0.01% * (1.4Ahr/24hr) = 5.8pA 

Discharge Switch Selection 

The external discharge FET must have enough thresh- 
old voltage to stay “on” throughout discharge. The 
number of cells and the EDV setting determine the 
maximum threshold voltage. For example, an applica- 
tion using 3 cells and an EDV of 0.9V (±5%) requires a 
FET with a threshold of less than 2.57V. 

Table 5 lists FETs that work equally well in 3- or 4-cell 
applications. 

In addition to the threshold voltage constraint, the 
external discharge FET’s on-resistance, or Rds (on), 
should be low relative to the battery pack’s internal 
resistance. Typical cell resistances at room temperature 
are 0.3Q for a AAA-cell, 0.212 for a AA-cell, 0.1512 for a 
C-cell, and 0.112 for a D-cell. Stacking cells in series 
increases the pack resistance while paralleling cells 
decreases the pack resistance. 

Figure 8 shows a graph of a typical cell’s resistance for 
AA- and D-cell size versus temperature. 



Figure 7. Discharge Control With High-Side Load Switch 
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Table 5. Switches for 3- and 4-cell 
Applications 


External 

FET 

Maximum 

RDS (on) 

Package 

Manufacturer 

Low-Side Switch (N-FETs 


TN0200T 

0.50 

SOT-23 

Siliconix 

IRLML2402 

0.350 

SOT23 

IR 

Si6946DQ 

0.110 

TSSOP-8 

Siliconix 

IRF7601 

0.05Q 

Micro-8 

IR 

Si6426DQ 

0.040 

TSSOP-8 

Siliconix 

IRF7401 

0.030 

SO-8 

IR 

Si9426DY 

0.0160 

SO-8 

Siliconix 

High-Side Switch (P-FETs) 

IRLML6302 

0.90 

Micro-3 

IR 

TP0101T 

0.850 

SOT-23 

Siliconix 

Si6943DQ 

0.180 

TSSOP-8 

Siliconix 

Si6433DQ 

0.090 

TSSOP-8 

Siliconix 

Si9434DY 

0.060 

SO-8 

Siliconix 

IRF7404 

0.060 

SO-8 

IR 

Si9424DY 

0.0330 

SO-8 

Siliconix 

IRF7604 

0.013 

Micro-8 

IR 


Powering the Load While Charging 

The bq2902/3 requires that the load be disconnected 
from the battery while the cells are charging to 

■ Prevent the battery from discharging to OV if the 
load current exceeds the effective charge current 
(the discharge switch stays “on” when the bq2902/3 
is in the charge mode) 

■ Allow the bq2902/3 to accurately measure a cell’s 
open circuit voltage for proper charge termination 

■ Ensure the battery is at full capacity when the 
“charge complete” LED is “on” 

■ Maximize battery life by reducing the number of 
charge/discharge cycles (the battery cycles between 
charge and discharge if the battery is lightly 
loaded) 

■ Prevent the battery’s ripple voltage from interfer- 
ing with operation of the load 

What if the load must operate while the battery is 
charging? Such operation may be desirable or even nec- 
essary for certain applications such as tape recorders, 
radios, electronic organs, portable computers, and cord- 
less phones. In this case, the charger’s power supply 



Figure 8. Typical Cells Resistance 
vs. Temperature 

powers the load when the battery is charging; the bat- 
tery powers the load when the battery is not charging. 

A crude way to enable the load to be powered by either 
the battery or the charger is to wire-OR the power sup- 
ply and battery to the load with rectifiers. This solution 
may be simple, but it is inefficient because the rectifiers’ 
voltage drop reduces the available operating time. 

To improve efficiency, the rectifier between the battery 
and the load is replaced with a P-channel MOSFET, Q4, 
as shown in Figure 4. When the charger’s power supply 
is on, D3 conducts, turning off Q4. The load disconnects 
from the battery and connects to the charger’s power 
supply. When the power supply output is off, the battery 
initially powers the load through the body diode of Q4. 
The voltage drop across the body diode is rather high 
(Vf * IV). As C6 discharges, the gate of Q4 is pulled to 
ground turning on Q4. Q4 shorts out the body diode, 
reducing the voltage drop between the battery and the 
load. 

In some cases, the power supply’s output voltage can be 
significantly higher than the battery voltage. In Figure 
4, the power supply voltage can be as high as 16V and 
the battery voltage can be as low as 4V. Many loads can- 
not tolerate this voltage swing. These loads may require 
either a voltage regulator or a voltage clamp to limit the 
excursion. A low drop-out regulator (LDO), U2 in Figure 
6, limits the load voltage to 7.1V. The LDO operates in 
the linear region when the power supply is on and can 
dissipate significant power at moderate load currents. 
Efficiency is of little consequence when operating from 
external power because run-time is not affected, as it is 
when operating from a battery. 
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When the power supply is off, the LDO saturates, becom- 
ing a switch, since the battery voltage is less than the 
regulation voltage. The voltage drop across the 
MIC29152 LDO is 350mV (typ) at a 1.5A load. The low 
loss connection between the battery and load maximizes 
operating time. The bq2903 turns the LDO off when 
EDV is reached. Here the discharge FET is not used. 

Adapting the circuit in Figure 6 to 2 cells (i.e., with the 
bq2902) is difficult because present LDOs and MOS- 
FETs do not work well with the lower voltage from 2 
cells. This situation should change as manufacturers 
respond to the proliferation of 2-cell applications. 

Practical Considerations 

Cell Matching 

Replace all cells as a set. Battery performance is opti- 
mal when cells are matched for capacity and state of 
charge. Cells with different charge and discharge histo- 
ries suffer from different degrees of capacity fade. 

Battery Interchangeability 

In some cases, the use of both rechargeable and primary 
alkalines in an application may be desirable. If so, it is 
especially important not to allow the primary alkalines 
to be charged, because charging could cause the primary 
battery to leak or explode. 

Rayovac has developed a special charger contact for AA 
and AAA Renewal cells that can be used to detect if a 
Renewal cell is placed into a holder. (See Figure 9.) 

Renewal cells have a unique exposed anode shoulder 
with which the contact can make a connection. For pri- 


mary alkalines, the insulating outer layer covers up the 
shoulder, not allowing a connection to be made to the 
contact. This recharge contact allows primary alkalines 
to be used in place of rechargeable alkalines. A sche- 
matic showing how to implement a circuit using this 
contact is shown in Figure 10. 

If a primary alkaline cell is placed into the holder, it 
cannot be recharged because the current source is dis- 
abled; the current source is enabled only if the special 
recharge contact is in electrical contact with the bat- 
tery’s anode. Thus the bq2902/3 is prevented from 
charging, but it still disconnects the load from the bat- 
tery when EDV is reached. 

The contacts in Figure 9 may be obtained from 

Memory Protection Devices 
320 Broadhollow Road 
Farmingdale, NY 11735 
(516)293-5891 

For C and D size cells, the Renewal cells have a smaller 
diameter nubbin, allowing the nubbin to pass through a 
hole only large enough for Renewal cells. For more 
information on special contact systems for Renewal 
cells, please contact Rayovac. 

Power-up Initialization 

Power-on reset begins when BAT IP rises above 1.4V. 
During reset, the bq2902/3 turns on its discharge FET, 
checks the cells for EDV, and turns off the discharge 
FET if EDV is detected. The bq2902/3 must reset after 
the last cell is installed to initialize properly. ESD pro- 
tection diodes at BAT1N-BAT3N allow the bq2902/3 to 
power up with a missing cell, however, causing reset to 
occur prematurely. The discharge FET initializes off 


Contact 

Part Number 

Negative 

SN-T5-1 

Recharge 

ABG-147 

Positive 

SN-T5-2 



Recharge contact 



Recharge Contact 
Exposed Corner of 
Renewal 
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Figure 9. Charging Contacts for AA and AAA Cells 
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Figure 10. Using Rayovac Contacts to Permit Only Renewal Cells to Charge 


(i.e., EDV is detected) by the time the missing cell is 
inserted. The discharge FET is reset by charging the 
battery, but if a wall outlet is not available or if primary 
alkalines are used (i.e., charging is disabled), the FET 
must be reset in another way. 

Manual Reset 

SI in Figure 10 allows manual initialization of the dis- 
charge FET. By grounding BATip (removing power to 
the bq2903) and then reapplying power (letting up on 
switch SI), the bq2903 initializes with the discharge 
FET on. SI must be depressed long enough to discharge 
the capacitors at BAT 1 N-NAT 3 N. These capacitors dis- 
charge through the bq2902/3’s internal ESD protection 
diodes. D5 allows SI to be depressed without shorting 
the battery while maintaining a low-impedance charging 
path to the battery. The bq2902/3 measures the battery’s 
open-circuit voltage through Rll; D5 is off during this 
interval. 

Automatic Reset 

Q1 in Figure 11 holds the voltage at BATip below the 
1.4V reset threshold until the last cell is inserted. The 


last cell forces the voltage at BATip above 1.4V to initi- 
ate the reset cycle. Note that the input current-limiting 
resistors at BAT1N-BAT3N are lOkQ. 

ESD and Latch-up 

The battery contacts are subject to ESD during battery 
installation. These contacts are connected to the BATip, 
BATin, BAT 2 N,and BAT 3 N pins of the bq2902/3. Bypass 
capacitors from these pins to Vss are recommended for 
ESD protection. Latch-up can occur if these contacts are 
subjected to excessive ESD. Series resistors at these 
inputs limit the current so that latch-up cannot be sus- 
tained. 

Reverse Battery Insertion 

Excessive current through BATip and Vss damages the 
bq2902/3 if cells are inserted backwards. Figure 12 
shows several ways to protect the bq2902/3 from cell 
reversal. The MOSFET in Figures 12a and 12b turns on 
only when the cells are correctly inserted. 
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Power-on Reset Circuit bq2903 



Figure 1 1 . Automatic Power-Up Iniatilization 


Battery Storage 

Cells may be stored in the system (i.e., making connec- 
tion to the bq2902/3) only if all cells are present. A miss- 
ing cell can turn on parasitic structures in the IC that 
can discharge the battery. The discharge rate is limited 
by external resistors in series with BATin-3N. 

EMI 

Twist + and - leads of the cell stack to reduce EMI. 
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Figure 12. Protecting the bq2902/3 Against Reverse Battery Insertion 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

2 

Table 1 

Clarified table 

1 

3,4,5,6,7,10 

Schematic 

Updated schematic. 


Notes: Change 1 = May 1999 B changes from Oct. 1997. 
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APPLICATION NOTE 

IMPROVED CHARGING METHODS FOR 
LEAD-ACID BATTERIES USING THE UC3906 


ABSTRACT 

This paper describes the operation and application of the 
UC3906 Sealed Lead-Acid Battery Charger. This 1C pro- 
vides reductions in the cost and design effort of implement- 
ing optimal charge and hold cycles for lead-acid batteries. 
Described are the design and operation of several charg- 
ing circuits using this 1C. The charger designs use current 
and voltage sensing combined with sequenced current 
and voltage control to maximize battery capacity and life 
for various applications. The presented material provides 
insight into expected improvements in battery perfor- 
mance with respect to these specific charging methods. 
Also presented are uses of the many auxiliary functions 
included on this part. The unique combination of features 
on this control 1C has made it practical to create charge 
and hold cycles that truly get the most out of a battery. 


AN 1C FOR CHARGING 
LEAD-ACID BATTERIES 

Battery technology has come a long way in recent years. 
Driven by the reduction of size and power requirements of 
processing functions, batteries now are used to provide 
portability and failsafe protection to a new generation of 


electronic systems. Although a number of battery technol- 
ogies have evolved, the lead-acid cell remains the work- 
horse of the industry due to its combination of prolonged 
standby and cycle life with a high energy storage capacity. 
The makers of uninterruptible power supplies, portable 
equipment, and any system that requires failsafe protec- 
tion are taking advantage of the improvements in this tech- 
nology to provide secondary power sources to their prod- 
ucts, for example, the sealed cell, using a trapped or gelled 
electrolyte, has eliminated the positional sensitivity and 
greatly reduced the dehydration problem. 

The charging methods used to replenish or maintain the 
charge on a lead-acid battery have a significant effect on 
the performance of the cells. Building an optimum charger, 
one that gets the most out of a battery, is not a trivial task. 
Making sure that a battery undergoes the proper charge 
and hold cycle requires precision sensing .and control of 
both voltage and current, logic to sequence the charger 
through its cycle, and temperature corrections — added to 
the charger’s control and sensing circuits — to allow 
proper charging at any temperature. In the past this has 
required a significant number of components, and a sub- 
stantial design effort as well. The UC3906 Sealed Lead- 


SINK SOURCE COMPENSATION 



FIGURE 1 . The UC3906 Sealed Lead-Acid Battery Charger combines precision voltage and current sensing with vol- 
tage and current control to realize optimum battery charge cycles. Internal charge state logic sequences the device 
through charging cycles. Voltage control and sensing is referenced to an internal voltage that specially tracks the 
temperature characteristics of lead-acid cells. 
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Acid Battery Charger has all the control and sensing func- 
tions necessary to optimize cell capacity and life in a wide 
range of battery applications. 

The block diagram for the UC3906 is shown in figure 1 . 
Separate voltage loop and current limit amplifiers regulate 
the output voltage and current levels in the charger by con- 
trolling the onboard driver The driver will supply 25mA of 
base drive to an external pass element. Voltage and cur- 
rent sense comparators are used to sense the battery con- 
dition and respond with logic inputs to the charge state 
logic. The charge enable comparator on this 1C can be 
used to remotely disable the charger The comparator’s 
25mA trickle bias output is active high when the driver is 
disabled. These features can be combined to implement 
a low current turn-on mode in a charger, preventing high 
current charging during abnormal conditions such as a 
shorted or reversed battery. 

A very important feature of the UC3906 is its precision 
reference. The reference voltage is specially temperature 
compensated to track the temperature characteristics of 
lead-acid cells. The 1C operates with very low supply cur- 
rent, only 1 .7mA, minimizing on-chip dissipation and per- 
mitting the accurate sensing of the operating environmen- 
tal temperature. In addition, the 1C includes a supply 
under-voltage sensing circuit, used to initialize charging 
cycles at power on. This circuit also drives a logic output to 
indicate when input power is present. The UC3906 is spec- 
ified for operation over the commercial temperature range 
of 0°C to 70°C. For operation over extended temperatures, 
-40°C to 70°C the UC2906 is available. 

WHAT IS IMPORTANT IN A CHARGER? 
Capacity and life are critical battery parameters that are 
strongly affected by charging methods. Capacity, C, refers 
to the number of ampere-hours that a charged battery is 
rated to supply at a given discharge rate. A battery’s rated 
capacity is generally used as the unit for expressing 
charge and discharge current rates, i.e., a 2.5 amp-hour 
battery charging at 500mA is said to be charging at a C/5 
rate. Battery life performance is measured in one of two 
ways; cycle life or stand-by life. Cycle life refers to the num- 
ber of charge and discharge cycles that a battery can go 
through before its capacity is reduced to some threshold 
level. Standby life, or float life, is simply a measure of how 
long the battery can be maintained in a fully charged state 
and be able to provide proper service when called upon. 
The measure which actually indicates useful life expec- 
tancy in a given application will depend on the particulars 
of the application. In general, both aspects of battery life 
will be important. 


During the charge cycle of a typical lead-acid cell, lead sul- 
fate, PbS0 4 , is converted to lead on the battery’s negative 
plate and lead dioxide on the battery’s positive plate. Once 
the majority of the lead sulfate has been converted, over- 
charge reactions begin. The typical result of over-charge is 
the generation of hydrogen and oxygen gas. In unsealed 
batteries this results in the immediate loss of water. In 
sealed cells, at moderate charge rates, the majority of the 
hydrogen and oxygen recombine before dehydration 
occurs. In either type of cell, prolonged charging rates sig- 
nificantly above C/500, will result in dehydration, accel- 
erated grid corrosion, and reduced service life. 

The onset of the over-charge reaction will depend on the 
rate of charge. At charge rates of >C/5, less than 80% of 
the cell’s previously discharged capacity will be returned 
as the over-charge reaction begins. For over-charge to 
coincide with 100% return of capacity, charge rates must 
typically be reduced to less than C/100. Also, to accept 
higher rates the battery voltage must be allowed to 
increase as over-charge is approached. Figure 2 illustrates 
this phenomenon, showing cell voltage vs. percent return 
of previously discharged capacity for a variety of charge 
rates. The over-charge reaction begins at the point where 
the cell voltage rises sharply, and becomes excessive 
when the curves level out and start down again. 



PERCENT OF PREVIOUS DISCHARGE 
CAPACITY RETURNED 

VOLTAGE CURVES FOR CELLS 
CHARGED AT VARIOUS CONSTANT 
(CURRENT) RATES AT ROOM 
TEMPERATURE 

FIGURE 2. Depending on the charge rate, over-charge reactions begin, (indi- 
cated by the sharp rise in battery voltage), well below 1 00% return of capacity. 
(Reprinted with the permission of Gates Energy Products. Inc.) 
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Once a battery is fully charged, the best way to maintain 
the charge is to apply a constant voltage to the battery. This 
burdens the charging circuit with supplying the correct 
float charge level; large enough to compensate for self-dis- 
charge, and not too large to result in battery degradation 
from excessive overcharging. With the proper float charge, 
sealed lead-acid batteries are expected to give standby 
service for 6 to 10 years. Errors of just five percent in a float 
charger’s characteristics can halve this expected life. 

To compound the above concerns, the voltage character- 
istics of a lead-acid cell have a pronounced negative 
temperature dependence, approximately -4.0mV/°C per 
2V cell. In other words, a charger that works perfectly at 
25°C may not maintain or provide a full charge at 0°C and 
conversely may drastically over-charge a battery at 
+50°C. To function properly at temperature extremes a 
charger must have some form of compensation to track the 
battery temperature coefficient. 

To provide reasonable re-charge times with a full 100% 
return of capacity, a charge cycle must adapt to the state 
of charge and the temperature of the battery. In sealed, or 
recombinate, cells, following a high current charge to 
return the bulk of the expended capacity, a controlled over- 
charge should take place. For unsealed cells the over- 
charge reaction must be minimized. After the over-charge, 
or at the onset of over-charge, the charger should convert 
to a precise float condition. 

A DUAL LEVEL FLOAT CHARGER 

A state diagram for a sealed lead-acid battery charger that 
would meet the above requirements is shown in figure 3. 


■max 


— Voc 

V t2 

714 —:;, 


STATE 1 



STATE 1 BULK CHARGE 
STATE 2. OVER CHARGE 
STATE 3: FLOAT CHARGE 


M 


CHARGER OUTPUT CURRENT 

FIGURE 3. The dual level float charger has three charge states. A constant 
current bulk charge returns 70-90% of capacity to the battery with the remaining 
capacity returned during an elevated (constant) voltage over-charge. The float 
charge state maintains a precision voltage across the battery to optimize 
stand-by life. 


This charger, called a dual level float charger, has three 
states, a high current bulk charge state, an over-charge 
state, and a float state. A charge cycle begins with the 
charger in the bulk charge state. In this state the charger 
acts like a current source providing a constant charge rate 
at I max- The charger monitors the battery voltage and as it 
reaches a transition threshold, V 12 , the charger begins its 
over-charge cycle. During the over-charge, the charger 
regulates the battery at an elevated voltage, Voc, until the 
charge rate drops to a specified transition current, Ioct. 
When the current tapers to Ioct, with the battery at the ele- 
vated level, the capacity of the cell should be at nearly 
100%. At this point the charger turns into a voltage regu- 
lator with a precisely defined output voltage, Vf. The out- 
put voltage of the charger in this third state sets the float 
level for the battery. 

With the UC3906, this charge and hold cycle can be imple- 
mented with a minimum of external parts and design effort. 
A complete charger is shown in figure 4. Also shown are 
the design equations to be used to calculate the element 
values for a specific application. All of the programming of 
the voltage and current levels of the charger are deter- 
mined by the appropriate selection the external resistors 
Rs, Ra, Rb, Rc- 

Operation of this charger is best understood by tracing a 
charge cycle. The bulk charge state, the beginning, is initi- 
ated by either of two conditions. One is the cycling on of the 
input supply to the charger; the other is a low voltage con- 
dition on the battery that occurs while the charger is in the 
float state. The under-voltage sensing circuit on the 
UC3906 measures the input supply to the 1C. When the 
input supply drops below about 4.5V the sensing circuit 
forces the two state logic latches (see figure 1) into the bulk 
charge condition (LI reset and L2 set). This circuit also dis- 
ables the driver output during the under-voltage condition. 
To enter the bulk charge state while power is on, the 
charger must first be in the float state (both latches set). The 
input to the charge state logic coming from the voltage 
sense comparator reports on the battery voltage. If the bat- 
tery voltage goes low this input will reset LI and the bulk 
charge state will be initiated. 

With LI reset, the state level output is always active low. 
While this pin is low the divider resistor, Rb is shunted by 
resistor Rc, raising the regulating level of the voltage loop. 
If we assume that the battery is in need of charge, the vol- 
tage amplifier will be in its stops trying to turn on the driver 
to force the battery voltage up. In this condition the voltage 
amplifier output will be over-ridden by the current limit 
amplifier. The current limit amplifier will control the driver, 
regulating the output current to a constant level. During this 
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time the voltage at the internal, non-inverting, input to the 
voltage sense comparator is equal to 0.95 times the internal 
reference voltage. As the battery is charged its voltage will 
rise; when the scaled battery voltage at PIN 13, the invert- 
ing input to the sense comparator, reaches 0.95Vref the 
sense comparator output will go low. This will reset the sec- 
ond latch and the over-charge state will be entered. At this 
time the over-charge indicator output will go low. Other 
than this there is no externally observable change in the 
charger Internally, the starting of the over-charge state 
arms the set input of the first latch - assuming no reset sig- 
nal is present — so that when the over-charge terminate 
input goes high, the charger can enter the float state. 

In the over-charge state, the charger will continue to supply 
the maximum current. As the battery voltage reaches the 
elevated regulating level, Voc, the voltage amplifier will 
take command of the driver, regulating the output voltage 
at a constant level. The voltage at PIN 13 will now be equal 
to the internal reference voltage. The battery is completing 
its charge cycle and the charge acceptance will start to 
taper off. 

As configured in figure 4, the current sense comparator 
continuously monitors the charge rate by sensing the vol- 
tage across Rs. The output of the comparator is con- 
nected to the over-charge terminate input. Whenever the 


charge current is less than Ioct,(25itiV/Rs), the open col- 
lector output of the comparator will be off. When this transi- 
tion current is reached, as the charge rate tapers in the 
over-charge state, the off condition of the comparator out- 
put will allow an internal 10/iA pull-up current at PIN 8 to pull 
that point high. A capacitor can be added from ground to 
this point to provide a delay to the over-charge-terminate 
function, preventing the charger from prematurely enter- 
ing the float state if the charging current temporarily drops 
due to system noise or whatever. When the voltage at PIN 
8 reaches its IV threshold, latch LI will be set, setting L2 as 
well, and the charger will be in the float state. At this point 
the state level output will be off, effectively eliminating Rc 
from the divider and lowering the regulating level of the vol- 
tage loop to Vf. 

In the float state the charger will maintain Vf across the 
battery, supplying currents of zero to Imax as required. In 
addition, the setting of LI switches the voltage sense com- 
parator’s reference level from 0.95 to 0.90 times the internal 
reference. If the battery is now discharged to a voltage level 
10% below the float level, the sense comparator output will 
reset LI and the charge cycle will begin anew. 

The float voltage Vf, as well as Voc and the transition vol- 
tages, are proportional to the internal reference on the 
UC3906. This reference has a temperature coefficient of 



Voc = Vref (1 


Ra 

Rb 


Vf = VrefO + ) 


V ,2 = 95 Voc 


V 31 = 9Vf 

. 25V 

lM« - — 

, 025V 


Be 


FIGURE 4. Using a few external parts and following simple design equations the UC3906 can be configured as a dual level float charger. 
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-3.9mV/°C. This temperature dependence matches the 
recommended compensation of most battery manufac- 
turers. The importance of the control of the charger’s vol- 
tage levels is reflected in the tight specification of the toler- 
ance of the UC3906’s reference and its change with temp- 
erature, as shown in figure 5. 


INTERNAL REFERENCE TEMPERATURE 
CHARACTERISTIC AND TOLERANCE 



TEMPERATURE - °C 

FIGURE 5. The specially temperature compensated reference on the UC3906 
is tightly specified over 0 to 70°C (-40 to 70°C for the UC2906). to allow proper 
charge and hold characteristics at all temperatures. 


Imax, Ioct, Voc, and Vf can all be set independently. Imax, 
the bulk charge rate can usually be set as high as the avail- 
able power source will allow, or the pass device can han- 
dle. Battery manufacturers recommend charge rates in the 
C/20 to C/3 range, although some claim rates up to and 
beyond 2C are OK if protection against excessive over- 
charging is included. Ioct, the over-charge terminate 
threshold, should be chosen to correspond, as close as 
possible, to 100% recharge. The proper value will depend 
on the over-charge voltage (Voc) used and on the cell’s 
charge current tapering characteristics at Voc. 

Imax and Ioct are determined by the offset voltages built 
into the current limit amplifier and current sense compara- 
tor respectively, and-the resistor(s) used to sense current. 
The offsets have a fixed ratio of 250mV/25mV. If ratios other 
than ten are necessary separate current sensing resistors 
or a current sense network, must be used. The penalty one 
pays in doing this is increased input-to-output differential 
requirements on the charger during high current charg- 
ing. Examples of this are shown in figure 6. 


An alternative method for controlling the over-charge state 
is to use the over-charge indicate output, PIN 9, to initiate 
an external timer. At the onset of the over-charge cycle the 
over-charge indicate pin will go low. A timer triggered by 
this signal could then activate the over-charge terminate 
input, PIN 8, after a timed over-charge has taken place. 
This method is particularly attractive in systems with a cen- 
tralized system controller where the controller can provide 
the timing function and automatically be aware of the state 
of charge of the battery. 

The float, Vf, and over-charge, Voc, voltages are set by 
the internal reference and the external resistor network, 
Ra.Rb, and Rc as shown in figure 4. For the dual level float 
charger the ranges at 25°C for Vf and Voc are typically 
2.3V-2.40V and 2.4V-2.7V, respectively. The float charge 
level will normally be specified very precisely by the battery 
manufacturer, little variation exists among most battery 
suppliers. The over-charge level, Voc, is not as critical and 
will vary as a function of the charge rate used. The absolute 
value of the divider resistors can be made large, a divider 
current of 50juA will sacrifice less than 0.5% in accuracy 
due to input bias current offsets. 

AUXILIARY CAPABILITIES 
OF THE CHARGER 1C 

Besides simply charging batteries, the UC3906 can be 
used to add many related auxiliary functions to the charger 
that would otherwise have to be added discretely. The 
enable comparator and its trickle bias output can be used 
in a number of different ways. The modification of the state 
diagram in figure 2 to establish a low current turn-on mode 
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FIGURE 6. Although the ratio of input offset voltages on the current limit and 
current sense stages is fixed at 1 0. other ratios for iMAx/locrare easily obtained. 
Note that a penalty for ratios greater than 1 0 is increased voltage drop across 
the sensing network at Imax- 
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of the charger (see figure 7) is easily done. By reducing the 
output current of the charger when the battery voltage is 
below a programmable threshold, the charging system 
protects against: One, high current charging of a string 
with a shorted cell that could result in excessive outgassing 
from the remaining cells in the string. Two, dumping charge 
into a battery that has been hooked up backwards. Three, 
excessive power dissipation in the charger’s pass element. 
As shown in figure 7, the enable comparator input taps off 
the battery sensing divider, When the battery voltage is 
below the resulting threshold, Vt, the driver on the 
UC3906 is disabled and the trickle bias output goes high. 
A resistor, Rt, connected to the battery from this output 
can then be used to set a trickle current, (< 25mA) to the 
battery to help the charger discriminate between severely 
discharged cells and damaged, or improperly connected, 
cells. 

In applications where the charger is integral to the system, 
i.e. always connected to the battery, and the load currents 
on the battery are very small, it may be necessary to abso- 
lutely minimize the load on the battery presented by the 
charger when input power is removed. There are two sim- 
ple precautions that, when taken, will remove essentially all 
reverse current into the charging circuit. In figure 8 the 
diode in series with the pass element will prevent any 
reverse current through this path. The sense divider 
should still be referenced directly to the battery to maintain 
accurate control of voltage. To eliminate this discharge 


path, the divider in the figure is referenced to the open col- 
lector power indicate output, PIN 7, instead of ground. 
Connected in this manner the divider string will be in series 
with essentially an open when input power is removed. 
When power is present, the open collector device will be 
on, holding the divider string end at nearly ground. The 
saturation voltage of the open collector output is specified 
to be less than 50mV with a load current of 50jwA. 

Figure 9 illustrates the use of the enable comparator and 
its output to build over-discharge protection into a charger. 
Over-discharging a lead-acid cell, like over-charging, can 
severely shorten the service life of the cell. The circuit moni- 
tors the discharging of the battery and disconnects all load 
from the battery when its voltage reaches a specified cutoff 
point. The load will remain disconnected from the battery 
until input power is returned and the battery recharged. 

This scheme uses a relay between the battery and its load 
that is controlled by Q1 and the presence of voltage across 
the load. When primary power is available Q1 is on via D5. 
The battery is charging, or charged, and the trickle bias 
output at PIN 1 1 is off. When input power is removed, C2 
provides enough hold-up time at the load to let Q1 turn off, 
and the relay to close as current flows through R1. The bat- 
tery is now providing power to the load and, through D1 , 
power to the charger. The charger current draw will typi- 
cally be less than 2mA. As the battery discharges, the 
UC3906 will continue to monitor its voltage. When the vol- 


STATE DIAGRAM: UC2906 DUAL LEVEL FLOAT CHARGER 




Vt = V HEF 
l T = V, N - V T - 2.0V 
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WHERE: K IS A CONSTANTS 1 

Rc r B 

X _ r C + r B 

WHERE: VJS THE INPUT SUPPLY 

2.0V IS THE DROP FROM +V, N 
TO PIN 11 


FIGURE 7. The charge enable comparator, with its trickle bias output, can be used to build protection into the charger. The current foldback at low battery voltages 
prevents high current charging of batteries with shorted cells, or improperly connected batteries, and also protects the pass element from excessive power dissipation. 
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tage reaches the cut-off level, set by the divider network, 
R5-R8, the trickle bias output, PIN 11, will go high. Q1 will 
turn back on and the relay current will collapse opening its 
contacts. As the load voltage drops, capacitor Cl supplies 
power to the UC3906 to keep Q1 on. Once the input to the 
charger has collapsed the power indicate pin, as shown in 
figure 8, will open the divider string. The battery will remain 
open-circuited until input power is returned. At that time the 
battery will begin to recharge. 



FIGURE 8. By using a diode in series with the pass element, and referencing 
the divider string to the power indicate pin. pin 7, reverse current into the 
charger, (when the charger is tied to the battery with no input power), can 
beeliminated. 


CHARGING LARGE SERIES 
STRINGS OF LEAD-ACID CELLS 
When large series strings of batteries are to be charged, a 
dual step current charger has certain advantages over the 
float charger of figures 3 and 4. A state diagram and circuit 
implementation of this type of charger is shown in figure 10. 
The voltage across a large series string is not as predict- 
able as a common 3 or 6 cell string. In standby service 
varying self discharge rates can significantly alter the state 
of charge of individual cells in the string if a constant float 
voltage is used. The elevated voltage, low current holding 
state of the dual step current charger maintains full and 
equal charge on the cells. The holding, or trickle current, 
IH, will typically be on the order of 0.005C to 0.0005C. 

To give adequate and accurate recharge this charger has 
a bulk charge state with temperature compensated transi- 
tion thresholds, V 12 , and V 21 . Instead of entering an ele- 
vated voltage over-charge, upon reaching Vi 2 the charger 
switches to a constant current holding state. The holding 
current will maintain the battery voltage at a slightly ele- 
vated level but not high enough to cause significant over- 
charging. If the battery current increases, the charger will 
attempt to hold the battery at the Vf level as shown in the 
state diagram. This may happen if the battery temperature 
increases significantly, increasing the self-discharge rate 
beyond the holding current. Also, immediately following 
the transition from the bulk to float states, the battery will 
only be 80% to 90% charged and the battery voltage will 
drop to the Vf level for some period of time until full charg- 
ing is achieved. 

In this charger the current sense comparator is used to reg- 
ulate the holding current. The level of holding current is 
determined by the sensing resistor, Rsh. The other series 


CHARGERS LOAD'S 



FIGURE 9. Using the enable comparator to monitor the battery voltage a precise discharge cut-off voltage can be set. 
When the battery reaches the cut-off threshold the trickle bial output switches off the load switch relay and the battery is 
left open circuited until input power is returned. 
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resistor, Re, is necessary for the current sense comparator 
to regulate the holding current. Its value is selected by 
dividing the value of Ih into the minimum input to output 
differential that is expected between the battery and the 
input supply. If the supply variation is very large, or the 
holding current large, (> 25mA), then an external buffering 
element may be required at the output of the current sense 
comparator. 

The operating supply voltage into the UC3906 should be 
kept less than 45V. However, the 1C can be adapted to 
charge a battery string of greater than 45V. To charge a 
large series string of cells with the dual step current 
charger the ground pin on the UC3906 can be referenced 
to a tap point on the battery string as shown in figure 1 1 . 
Since the charger is regulating current into the batteries, 
the cells will all receive equal charge. The only offset results 
from the bias current of the UC3906 and the divider string 
current adding to the current charging the battery cells 
below the tap point. Rb can be added to subtract the bulk 
of this current improving the ability of the charger to control 
the low level currents. The voltage trip points using this 
technique will be based on the sum of the cell voltages on 
the high side of the tap. 


PICKING A PASS ELEMENT AND 
COMPENSATING THE CHARGER 
There are four factors to consider when choosing a pass 
device. These are: 

1 . The pass device must have sufficient current and power 
handling capability to accommodate the desired maxi- 
mum charging rate at the maximum input to output 
differential. 

2. The device must have a high enough current gain at the 
maximum charge rate to keep the drive current required 
to less than 25mA. 

3. The type of device used, (PNP, NPN, or FET), and its 
configuration, may be dictated by the minimum input to 
output differential at which the charger must operate. 

4. The open loop gain of both the voltage and the current 
control loops are dependent on the pass element and its 
configuration. 

Figure 12 contains a number of possible driver configura- 
tions with some rough break points on applicable current 
ranges as well as the resulting minimum input to output dif- 
ferentials. Also included in this figure are equations for the 
dissipation that results on the UC3906 die, equations for a 
resistor, Rd, that can be added to minimize this dissipa- 
tion, and expressions for the open loop gains of both the 
voltage and current loops. 




Imax + >h 


V 12 




STATE 1: BULK CHARGE 
STATE 2: HOLDING CHARGE 
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FIGURE 10. A dual step current charger has some advantages when large series strings must be charged. This type of charger maintains constant current during 
normal charging that results in equal charge distribution among battery cells. 
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As reflected in the gain expressions in figure 12, the open 
loop voltage gains of both the voltage and current control 
loops are dependent on the impedance, Zc at the com- 
pensation pin. Both loops can be stabilized by adjusting 
the value of this impedance. Using the expressions given, 
one can go through a detailed analysis of the loops to pre- 
dict respective gain and phase margins. In doing so one 
must not forget to account for all the poles in the open loop 
expressions. In the common emitter driver examples, 1 
and 3, the equivalent load impedance at the output of the 
charger directly affects loop characteristics. In addition, a 
pole, or poles, will be added to the loop response due to 
the roll-off of the pass device’s current gain, Beta. This 
effect will occur at approximately the rated unity gain fre- 
quency of the device divided by its low frequency current 
gain. The transconductance terms for the voltage and cur- 
rent limit amplifiers, (1/1 .3K and 1/300 respectively), will 
start to roll off at about 500KHZ. As a rule of thumb, it is wise 
to kill the loop gain well below the point that any of these, 
not-so-predictable poles, enter the picture. 

If you prefer not to go through a BODE analysis of the loops 
to pick a compensation value, and you recognize the fact 
that battery chargers do not require anything close to opti- 
mum dynamic response, then loop stability can be as- 
sured by simply oversizing the value of the capacitor used 
at the compensation pin. In some cases it may be neces- 
sary to add a resistor in series with the compensation 
capacitor to put a zero in the response. Typical values for 
the compensation capacitor will range from 1 0OOpF to 
0.22/iF depending on the pass device and its configura- 
tion. With composite common emitter configurations, such 
as example 3 in figure 12, compensation values closer to 



FIGURE 1 1 . A dual step current charger can be configured to operate with 
input supplies of greater than 45V by using a tap on the battery to reference 
the UC3906. The charger uses the voltage across the upper portion of the 
battery to sense charging transition points. To minimize charging current 
offsets, Rb can be added to cancel the UC3906 bras and divider currents. 

the 0.22/*F value will be required to roll off the large open 
loop gain that results from the Beta squared term in the 
gain expression. Series resistance should be less than IK, 
and may range as low as 100 ohms and still be effective. 

The power dissipated by the UC3906 requires attention 
since the thermal resistance, (100°C/Watt) of the DIP 
package can result in significant differences in tempera- 
ture between the UC3906 die and the surrounding air, 
(battery), temperature. Different driver/pass element con- 
figurations result in varying amounts of dissipation at the 
UC3906. The dissipation can be reduced by adding exter- 
nal dropping resistors in series with the UC3906 driver, 



'Zc = IMPEDANCE AT COMPENSATION PIN, PIN 14. = IMPEDANCE AT CHARGER OUTPUT 

FIGURE 12. There are a large number of possible driver/pass element configurations, a few are summarized here. The trade-offs are between current gain, input to output 
differential, and in some cases, power dissipation on the UC3906. When dissipation is a problem it can be reduced by adding a resistor in series with the UC3906 driver. 
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(see figure 12). These resistors will then share the power 
with the die. The charger parameters most affected by in- 
creased driver dissipation are the transition thresholds, 
(Vi 2 and V 2 i), since the charger is, by design, supplying its 
maximum current at these points. The current levels will not 
be affected since the input offset voltages on the current 
amplifier and sense comparator have very little tempera- 
ture dependence. Also, the stand-by float level on the 
charger will still track ambient temperature accurately 
since, normally, very little current is required of the charger 
during this condition. 

To estimate the effects of dissipation on the charger’s vol- 
tage levels, calculate the power dissipated by the 1C at any 
given point, multiply this value by the thermal resistance of 
the package, and then multiply this product by -3.9mV/°C 
and the proper external divider ratio. In most cases, the 
effect can be ignored, while in others the charger design 
must be tweaked to account for die dissipation by adjust- 
ing charger parameters at critical points of the charge 
cycle. 

SOME RESULTS WITH THE 

DUAL LEVEL FLOAT CHARGER 

In figure 13 the schematic is shown for a dual level, float 

charger designed for use with a 6V, 2.5amp-hour, sealed 

lead-acid battery. The specifications, at 25°C, for this 

charger are listed below. 


Input supply voltage 9.0V to 13V 

Operating temperature range 0°C to 70°C 

Start-up trickle current (It) 10mA (Vin = 10V) 

Start-up voltage (Vj) 5.1V 

Bulk charge rate (Imax) 500mA (C/5) 

Bulk to OC transition voltage (V 12 ) . . 7.125V 

OC voltage (Voc) 7.5V 

OC terminate current (Ioct) 50mA (C/50) 

Float voltage (Vf) 7.0V 

Float to Bulk transition 

voltage (V31) 6.3V 

Temperature coefficient on 

voltage levels -12mV/°C 

Reverse current at charger output 
with the input supply at 0.0V .... <5fiA 

In order to achieve the low input to output differential, 


(1 .5V) the charger was designed with a PNP pass device 
that can operate in its saturation region under low input 
supply conditions. The series diode, required to meet the 
reverse current specification, accounts for 1.0V of the 1.5V 
minimum differential. Keeping the reverse current under 
5(iA also requires the divider string to be disconnected 
when input power is removed. This is accomplished, as 
discussed earlier, by using the input power indicate pin to 
reference the divider string. 



FIGURE 13. This dual level float charger was designed fora 6V (three 2V cells) 2.5AH battery. A separate “fully 
charged” indicator was added for visual indication of charge completion. 
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FIGURE 14. The nearly ideal characteristics of the dual level float charger are 
illustrated in these curves. The over-charge state is entered at about 80% return 
of capacity and float charging begins at just over 100% return. 




HOURS ON CHARGE -* 

FIGURE 15. At elevated temperatures the maximum capacity of lead-acid 
cells is increased allowing greater charge acceptance. To prevent excessive 
over-charging though, the charging voltage levels are reduced. 




HOURS ON CHARGE 

FIGURE 1 6. At lower temperatures the capacity of lead-acid cells is reduced as 
reflected by the less-than-100% return of capacity in this 0°C charge cycle, illus- 
trating the need for elevated charging voltages to maximize returned capacity. 


The driver on the UC3906 shunts the drive current from the 
pass device to ground. The 470ohm resistor added 
between PIN 15 and ground keeps the die dissipation to 
less than lOOmW under worst case conditions, assuming 
a minimum forward current gain in the pass element of 35 
at 500mA. 

The charger in figure 13 includes a circuit to detect full 
charge and gives a visual indication of charge completion 
with an LED. This circuit turns on the LED when the battery 
enters the float state. Entering of the float state is detected 
by sensing when the state level output turns-off. 

Figures 14-16 are plots of charge cycles of the circuit at 
three temperatures, 25°C, 50°C and 0°C. The plots show 
battery voltage, charge rate, and percent return of pre- 
viously discharged capacity. This last parameter is the inte- 
gral of the charge current over the time of the charge cycle, 
divided by the total charge volume removed since the last 
full charge. For all of these curves the previous discharge 
was an 80% discharge, (2amp-hours), at a C/10, (250mA), 
rate. The discharges were preceded by an over-night 
charge at 25°C. 

The less than 100% return of capacity evident in the 
charge cycle at 0°C is the result of the battery’s reduced 
capacity at this temperature. The tapering of the charge 
current in the over-charge state still indicates that the cells 
are being returned to a full state of charge. 
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UIMITRODE 

Unitrode Corporation Application Note U-166 

AN OFF-LINE LEAD ACID CHARGER BASED ON THE UC3909 


INTRODUCTION 

Lead-acid batteries are the most commonly used 
batteries where large amounts of energy must be 
stored and low cost is more important than weight 
or physical size. Typical applications include UPS 
systems, alarm system backup power, telephone 
system backup power and larger portable elec- 
tronic devices such as a bag-phone. This paper 
presents an isolated switch-mode charging circuit 
for lead-acid batteries that operates from a 1 15V ac 
circuit. 

The reader is encouraged to read the references 
listed at the end of this paper. There is much useful 
information there that will not be repeated here. 

DESIGN REQUIREMENTS 

For this design, the goal is to charge an Eagle- 
Picher HE12V12.7 battery as quickly and safely as 
possible to the highest practically attainable capac- 
ity, and maintain this capacity indefinitely. From the 
battery manufacturer’s data sheet, this battery may 


be charged from a 14.6 to 15.0 volt source that is 
current limited to 4.0 amps. Therefore, the bulk 
charge current for this charger (Ibuik) will be 4.0 
amps and the maximum overcharge voltage (V oc ) 
will be 14.8 volts. The float voltage is specified to 
be 13.6 to 13.8 volts. This charger will float the bat- 
tery at 13.8 volts (Vf| 0at ). The battery is specified to 
a discharge voltage of 10.5 volts so this value will 
be used as the bulk charge enable threshold 
(Vchgenb)- 

The remaining parameters that must be specified 
for the circuit (Iqct and Ijc) are up to the circuit de- 
signer. In this design, the over charge terminate 
current threshold (Ioct) is picked to be 10% of 
Ibulk or 400mA. The trickle current (Ijc) is picked 
to be 2% of the bulk current or 80mA. 

The power source for this charger will be a stan- 
dard 125 V ac circuit. The tolerances on this input 
voltage will be +10/-25%. This means that the bulk 
supply on the primary side can range from 130 to 
195V dc . 
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DESIGN OVERVIEW 

The UC3909 implements a four-stage charging al- 
gorithm. The four stages are trickle charge, bulk 
charge, over charge and float charge. The stages 
operate as follows in Fig. 1 . 

Trickle Charge 

(Tq to Ti) The charger will supply a small current, 
typically C/100 (Ijc) to the battery until the battery 
voltage reaches a predetermined threshold value 
(Vchgenb)- The purpose behind trickle charging is 
to prevent a potentially hazardous condition 
caused by continuously pumping bulk charge cur- 
rent into a damaged battery. Note that trickle 
charging may be skipped depending upon the bat- 
tery voltage when the charger is powered. In some 
applications, it may be necessary to disable the 
trickle charge portion of the algorithm entirely. An 
example of this might be a device that normally op- 
erates from the incoming line and needs more cur- 
rent than can be programmed in the trickle charge 
state. The trickle charge stage can be permanently 
disabled by connecting CHGENB to VLOGIC. 


Bulk Charge 

(T i to T 2 ) The charger will supply a constant cur- 
rent to the battery if the battery voltage is above a 
given threshold. This current will be applied until 
the battery voltage rises above 95% of the maxi- 
mum overcharge voltage. 

Over Charge 

(T 2 to T 4 ) During the over charge state, the 
charger tries to regulate the battery voltage to a 
constant voltage, V oc . When the charger enters the 
over charge state, the current control loop will likely 
be dominant and a constant current will continue to 
be applied to the battery. As the battery voltage 
rises, the voltage control loop will begin to take 
over and regulate the battery voltage to the over 
charge voltage V oc (Shown at T 3 ). 

Float Charge 

(T 4 and beyond) The float charge is entered when 
the battery current falls below a preset threshold 
while its voltage is held at V oc . While in the float 
state, the charger will supply up to Ibuik amperes to 
a load and the battery. The charger will remain in 
the float state until power to the UC3909 is cycled 
or until the battery voltage drops below 90% of V oc . 



Figure 2. Primary side schematic. 
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If power is cycled, the charger will wake up in ei- 
ther the trickle or the bulk charge states, depend- 
ing upon the battery voltage. If the battery voltage 
drops to 90% of Vqci the charger will re-enter the 
bulk charge sate. 

CIRCUIT DESCRIPTION 

The circuit description presented is a discontinu- 
ous flyback with peak forward rectifiers on auxiliary 
windings to derive power for the control IC’s. See 
Figs. 2 and 3. 

The primary side schematic Fig. 2 shows a 
UCC3809 primary side controller being used as a 
peak current controller. The operating frequency 
and maximum switch on time are determined by 
components Rji, Rt 2 and Cj. Css determines the 
soft start interval. Res, Ri, R 2 . R 3> c zb and Ol-B 
form the feedback and ramp circuit. C 3 is simply a 
bypass capacitor for the chip reference. R 4 , D-i and 
C 2 form the power supply for the UCC3809. Rsni. 
C$ni 1 r sn2> Csn 2 and Dsn are ring and dV/dt 
snubbers. 


The secondary side schematic, Fig. 3, shows the 
UC3909 and its associated support components. 
D 4 and C 4 form the power supply circuit for the 
secondary side electronics. Q 2 , Q 3 , R 6 and R 7 dis- 
connect the battery from the voltage divider string 
when the charger is not powered from the line. The 
resistor divider string R S i through Rs 4 determines 
all voltage thresholds. Rovci and Rovc2 determine 
the current level for the transition from bulk charg- 
ing to float charging. 

The nature of the application demands that the 
UC3909 reside on the secondary side of the circuit 
with the battery. In order not to cause a current 
drain on the battery, the UC3909 will not be pow- 
ered and the resistor divider string will be discon- 
nected when the charger is not powered from the 
line. When line power is applied to the charger, 
several events take place. First, the startup resistor, 
R 4 , supplies a small current to charge the supply 
capacitor, C 2 , for the UCC3809. Second, when the 
voltage on this capacitor reaches the turn-on 
threshold for the UCC3809, the UCC3809 wakes 
up and begins charging the soft-start capacitor, 


D 2 
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Figure 3. Secondary side schematic. 
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Css- Third, the UCC3809 issues no output pulses 
until the voltage on the soft-start capacitor reaches 
0.7V. At this time, the UCC3809 will begin to issue 
output pulses. These pulses will be clamped to a 
width that is less than the maximum pulse width 
until the voltage on Css reaches 1.7V. Fourth, the 
bootstrap supplies for both the UCC3809 and the 
UC3909 come up and the charger begins charging 
the battery according to the charge algorithm de- 
scribed above and in the references. 

The circuit is guaranteed to start (provided that the 
soft start capacitor is not chosen too large and 
cannot be charged to the 0.7V level before the volt- 
age on C 4 falls to the UCC38098 UVLO threshold) 
since the feedback mechanism is commanding 
maximum pulse width until the opto-isolator is 
made to pass current into R-|. This cannot happen 
until the bootstrap supply for the UC3909 comes 
up. When the bootstrap supplies come up, the 
feedback circuit can then command shorter pulse 
widths from the UCC3809 and regulate the current 
and voltage output. 

POWER STAGE DESIGN 

Notation 

Throughout this paper the following notation will be 
used. 


Vdc is the maximum dc voltage on the input fil- 
ter capacitor Ci (195V) 

Vis is the maximum voltage across the secon- 
dary inductor (15V + IV for the diode) 

Np/Ns is the inductor turns ratio 

Vspike is the leakage spike expected on switch 
turn-off (~ 30% of Vdc) 

With these values, taking a maximum N p /N s of 4 
gives a maximum switch voltage of about 320 volts. 
This is well within safety margins for a 400 volt 
power switch. 

Power Requirements 

The maximum output power required from the fly- 
back inductor is: 

Pout = I out ( ^ batt + V diode ) 

Where: 

Pout is the output power of the flyback inductor 

lout is the maximum average output current 
(Ibuik or 4A) 

Vbatt is the maximum battery voltage (use 15V 
to allow for temperature correction) 

Vdiode is the voltage across the rectifier diode 
(use 1 V to be conservative) 


Overbar: V dc - a maximum value 

Underbar: l ts - a minimum value 
Carat: 1 out - an average value 


Flyback Inductor Turns Ratio 

The maximum turns ratio (N p /N s ) is determined by 
the maximum voltage stress that is to be allowed 
on the power switching device, the maximum volt- 
age that will be seen across the terminals of the 
secondary inductor winding and the amount of 
overshoot that will occur on the primary inductor 
when the power switch turns off. The peak power 
switch voltage is given by: 


___ ( N 


-V dc +V ls 


Ns 


+ V, 


spike 


Where: 

Vp S is the maximum power switch voltage 
(400V) 


The input power to the inductor is the output plus 
an allowance for losses in the inductor and power 
switch. A conservative estimate is (based on 80% 
efficiency up to the output rectifier diode): 


In this application, the output power is 64W and the 
input power is 80 W. 

Inductor Values, Maximum “On” and “Reset” 
times, Peak Currents and Switching Frequency 

The switching frequency was chosen to be 100 
kHz as a compromise between switching losses 
and energy storage component size. To assure that 
the circuit remains discontinuous, the sum of the 
maximum on and reset times will only be allowed 
to be 85% of a switching period. The turns ratio, 
power requirements, discontinuity requirement and 
switching frequency define the values of the pri- 
mary and secondary inductors, the peak currents 
and the on and reset times. From the following rela- 
tionships, these values can be determined: 
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Pin=llp Z L p F s 

(i) 

r _ — Vdc 

'p ~ ^ on i 

L p 

(2) 

- -Nn 

i s = /„ — 
p N s 

(3) 

( N P f 

p kJ s 

(4) 

. _ U L s 

rst ~ (/ 

v batt + v diode 

(5) 

^ 0.85 

T'on + ^ rst — r- 

(6) 


Where: 

Ip is the primary inductor peak current. 

Lp is the primary inductance. 

Is is the secondary inductor peak current. 

L s is the secondary inductance. 

Ton is the on time. 

Trst is the reset time. 

F s is the switching frequency 

After some algebraic manipulation, it is obvious 
that (I couldn’t resist.): 

. v dc N s 1 0B5 

t N 0 (V ban +V diode ) J F s 

From this, x on will be less than about 2.97jus and 
x rst will be less than about 6.03ps. Note that these 
numbers are “ideal out of the math” and will 
change somewhat when the real world primary and 
secondary inductances are known. 

Again, after some manipulation of equations (1) 
and (2), 

, _(^V^) 2 F s (8) 

P 2 P in 

L p is then about 93juH From (4), L s is then about 
5.8fiH. From (2), the peak primary inductor current 
is 4.15A. From (3), the peak secondary inductor 
current is 16.6A. 


RMS Inductor Currents 

The RMS value of a periodic triangular pulse is: 


!rms 



(9) 


Where: 

Ip is the peak value of the current 
x is the width of the base of the pulse 
T is the period of the waveform 

The RMS primary and secondary currents are then 
1.3A and less than 7.44A respectively. At 
500A/cm 2 > the primary inductor should be wound 
with #24 or equivalent and the secondary inductor 
with #15 or equivalent. 

Core Selection and Calculations 

Inductance may be written as: 

L _ A/Q 
/ 


Where: 

L is the inductance in Flenries. 

N is the number of turns of wire in the inductor. 

0 is the total flux linked by the N turns in We- 
bers. 

1 is the current in the inductor in Amperes. 

Since O is also equal to A e B where A e is the effec- 
tive area of the inductor core (m 2 ) and B is the flux 
density (Tesla): 

B = — < 10 > 

NA e 

From the core data for the Philips EFD30 core: 

A e =69mm 2 = 69 x10“ 5 /n 2 (11) 

If B is limited to 250mT (approaching roll-off in the 
B-H curve), N p must be 23 or more turns. If N p is 
set to 24, then N s is 6. 

These cores are ordered specifying the gap in 
terms of nH/Turn 2 (the A L value). Obtaining an in- 
ductance of 93pH from 24 turns requires an A L of 
161nH. Since an A L of 150nH is a standard value, 
this is what will be used. Note that since the core is 
gapped, the remanent flux density in the core will 
be approximately reduced by the ratio of the un- 
gapped A l to the gapped A|_. The un-gapped A L for 
the EFD30 is about 2100 in 3C85 material. The re- 
manent flux density in a 3C85 un-gapped core is 
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about 160mT at room temperature. Therefore the 
remanent flux density in the gapped core will be: 


Brem g a pp ec j ~ 


A_ gapped 
un-gapped 


Brem nn _, 


'un-gapped 


( 12 ) 


150 

2100 


160m7 = 1 1.4m7" 


Since the saturation flux density of 3C85 material 
is well above 250mT, a flux swing of 250mT will not 
saturate the core with a remanent flux density of 
only 1 1 .4mT. 


Windings 

The inductor in the schematic shows 4 separate 
windings. The primary inductor winding is wound 
from #24 magnet wire. The 2 turn winding that sup- 
plies the bootstrap power to the primary side of the 
circuit can be of practically any small gauge wire 
as the current level is low. In the prototype inductor 
this winding was wound with #30 wire simply be- 
cause it was readily available. The primary side 
windings were placed side by side against the bob- 
bin with a layer of kapton tape, 3M #5413, to iso- 
late the high voltage primary inductor winding from 
the low voltage bootstrap winding. 

The secondary side of the inductor shows two 
windings, the secondary inductor winding and a 
bootstrap winding for the secondary side electron- 
ics. The secondary inductor cannot be wound from 
(at least not easily and maintain creepage dis- 
tances) from bundles of discrete wires or from litz 
and still fit the winding in the window of the EFD30 
bobbin. Therefore, the secondary inductor was 
wound from foil. A 0.5 inch wide by 0.007 inch thick 
strip of copper foil was used. This gives a current 
density of about 330A/cm 2 in the winding. This low 
value of current density was used to help offset 
losses caused by the high number of layers in the 
winding. The secondary bootstrap winding was 
wound on top of the secondary inductor. 

To satisfy insulation requirements, three layers of 
kapton tape were used between the primary side 
and secondary side windings. 


The bootstrap windings in Figs. 2 and 3 are con- 
nected so that they will supply current when the 
main power switch is on, not off, as the secondary 
inductor will. This means that the voltage applied to 
the primary and secondary electronics will be 
equal to: 


^boot ~ 


^boot 

N n 


Vdc-V, 


diode 


(13) 


For the primary side, the bootstrap voltage will be 
between 10.1 and 15.5 volts. Likewise, the secon- 
dary bootstrap voltage will be between 15.5 and 
23.75 volts. 

The prototype charger was built using two different 
inductors using different winding arrangements. 
One inductor had the primary winding on one layer, 
and the other sandwiched the secondary between 
a primary split between two layers. While both ar- 
rangements produce satisfactory results, the split 
primary does have lower leakage inductance and 
places less stress on the power switch at turn-off. 
In the prototype, the single layer primary produced 
leakage spikes that were high enough to make a 
400V Vds mosfet a marginal choice. If the single 
layer primary is used, a 500V Vds mosfet would be 
a better choice for the power switch. 


PRIMARY SIDE COMPONENT VALUES 


Current Sensing and Feedback 

To be certain that the flyback inductor never satu- 
rates, some resistor values on the primary side can 
be adjusted to limit the primary current to a level on 
the verge of saturation. If this level is picked to be 
300mT (from Philips data for 3C85 material), the 
peak current (Ip) in the primary must be less than 
about 5.3A. To limit the current in Lp to 5.3A, the 
voltage at pin FB of the UCC3809 must be IV 
when the current is 5.3A. When the feedback cur- 
rent through the opto-isolator is 0, the following 
condition must be satisfied: 


5.3 Rqs 


”1” R] 

Rq + R2 "f - R 1 


=1.0 


(14) 


In addition, to be certain that the secondary can 
command the minimum attainable pulse width, a 
voltage of 3.0V across R-| should result in IV at the 
UCC3809 FB pin with no current in the current 
sense resistor (Res)- The value of Res is so small 
that it will be ignored in this computation. This 
gives: 


3.0 — ^ — =1.0 

R 3 + R 2 


(15) 


If R3 is arbitrarily chosen as Ik, R2 must be 2k. R-| 
must be chosen with some consideration to the 
opto-isolator. The H1 1 A817A has a current transfer 
ratio of 80% to 160% and is fairly linear over a di- 
ode current range of 2mA to 30mA. Picking R-j to 
be 220Q places the operating point of the opto- 
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isolator into its linear range over most of the oper- 
ating range of the charger. Res is then 0.27a. The 
power dissipation in Rqs is just over 450mW at full 
load, so a 1W resistor is recommended here. The 
UCC3809 needs a capacitor at its FB pin to keep 
the inevitable current spikes through Lp from caus- 
ing early pulse termination. Capacitor Czb serves 
this purpose in this application. A value of 220pF 
gives a time constant of about 0.1 5ps. This will 
catch the leading current spike noise pulses but 
still allow adequate current ramp sensing at 
100kHz. Cqs, across the current sense resistor, 
also helps to attenuate the large leading current 
spikes caused by the forward peak rectifiers in the 
bootstrap power circuits. Some caution must be 
used when picking the values for Czb and Cos- 
The larger the values, the more lag time that there 
will be when a fault condition is present at the out- 
put. On the other hand, picking the values too 
small can lead to premature pulse termination and 
erratic charger behavior. Also, the larger the value 
of Czb. the longer the minimum achievable pulse 
width will be. 

Timing and Soft-start 

The UCC3809 has fully programmable maximum 
on and minimum off times. The components RT1 , 
RT2 and CT determine these times. Since x on is at 
most 2.97ts and the total period, T is 1 0pis the off 
time, xoff will be 7.03jis. From the UCC3809 da- 
tasheet: 

T on = 0.69 C T Rj - 1 and =0.69 Cj Rj 2 ("16) 

Picking Cj to be InF, R T1 is 4.32K and R T2 is 
10.2K. 

The softstart time is controlled by Css- Css is 
charged by a 6pA current source. As the SS pin on 
the UCC3809 goes from 0V to 0.7V, the output of 
the UCC3809 is inhibited. As the voltage goes from 
0.7V to 1 .7V, the duty cycle of the output is allowed 
to increase from 0 to its maximum value. A 47nF 
value for Css gives a soft start time of about 7.5ms. 
The bulk supply capacitor for the UCC3809 must 
be able to supply energy to the primary side cir- 
cuitry while the SS pin makes the transition from 
0V to 0.7V. 

Other Components 

R4 provides the startup current for the UCC3809. 
This current must be at least IOOjuA at minimum 
line. A value of 470K will give 240pA at minimum 
line input voltage and maximum startup voltage for 
the UCC3809. Ci, the bulk filter capacitor, was 
chosen more for its ripple current handling capabil- 


ity and low ESR more than its capacitance. Ca- 
pacitors C 2 and C3 are filter caps for the 
UCC3809’s power supply and reference. Rq is a 
low value resistor intended to prevent gate oscilla- 
tions in the power mosfet. The block labeled 
EMI/RFI suppression in Fig. 2 is a typical suppres- 
sion network. It was not implemented in the proto- 
type but is shown for completeness. 

SETTING CURRENT AND VOLTAGE 
LEVELS FOR THE UC3909 

Charge Current Sense Resistor 

The current sense amplifier in the UC3909 does 
not have the bandwidth to handle a 100kHz flyback 
current waveform. To get around this limitation, the 
signal from the current sense resistor was filtered 
with a simple R-C network (Rsfi and Csf)- The 
-3dB frequency of this filter was chosen to be 
20kHz to have minimal effect on the feedback loop. 
Another resistor, Rsf 2, was added to preserve the 
2.3 V bias point of the current sense amplifier. 
When adding a filter like this to an amplifier that 
has gain and biasing resistors already imple- 
mented in silicon, be careful not to significantly 
change the nominal gain of the amplifier. The rea- 
son for this is that the silicon resistors are closely 
ratio matched to provide an accurate gain, but vary 
significantly in absolute value. Larger values of fil- 
tering resistors introduce larger potential differ- 
ences in the gain of the sense amplifier from one 
chip to the next and over temperature for any given 
chip. 

The charge current sense resistor (Rs) should be 
chosen so that its power dissipation is within ac- 
ceptable limits and the voltage presented to the 
current sense amplifier does not cause the ampli- 
fier to saturate. The current sense amplifier in the 
UC3909 is a differential amplifier with a fixed gain 
of 5, biased to a level of 2.3 V. To prevent satura- 
tion, the maximum voltage across CA- and CA+ 
should be no more than 400mV. In this application, 
power dissipation was the determining factor for 
selection of Res- Res was chosen as 20m£2 and 
dissipates about 1.1W at maximum output current. 

Bulk Current Setting 

The bulk current is set by the values of Rqi and 
Rq 2- When the charger is in the bulk charge state, 
the voltage error amplifier will be out of compliance 
and its output (VAO) will be at its positive rail (or 
nearly so) of 5V. The relevant circuit is shown in 
Fig. 4. 
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For the current error amp to be in compliance, the 
voltage at pin CA- must be 2.3V. The desired bulk 
charging current was 4.0A. The average voltage 
across Rs is then: 

V RS = 4.0 A x 0.0213 = 80 mV (1 7) 

The voltage at the output of the current sense am- 
plifier is then: 

Vcso = 2-3 - 5V rs = 1.9V (18) 

Summing currents at the CA- pin: 

5 - 2.3 _ 4.0 A x 0.02H x 5 (19) 

Rg 2 Ren 

If Rq 2 is set to a value of 10.0k, then Rqi is 1 .47k. 
Trickle Current Setting 

When the UC3909 is in the trickle charge state, the 
Voltage error amplifier output, VAO, goes into a 
high impedance state, and the trickle control cur- 
rent is directed to the CA- pin of the UC3909. The 
trickle control current is 5% of the current flowing 
out of the RSET pin on the UC3909. The trickle 
control current can only flow through Rqi since 
VAO is high impedance. Therefore, the trickle cur- 
rent will be: 

/ _ Itricklecontrol Ren ( 20 ) 

1 TRICKLE ~ “ 0 

oH s 

Recall that the trickle current was to be set to 
80mA. This current level will produce an average 
voltage of 2.292V at the CSO pin. The trickle con- 


trol current through Rqi is then 5.4 jiA. The current 
out of the RSET pin is then 108pA The voltage on 
the RSET pin is 2.3V, so the value of Rset for 
80mA trickle charge current is 21 .5k. 

Overcharge Taper Current 
The overcharge taper current (Ioct) is the current 
level the UC3909 looks for to make its transition 
from overcharge to float charge. The transition from 
overcharge to float charge takes place when the 
voltage on the OVCTAP pin rises above 2.3V. OVC- 
TAP is the tap of a voltage divider from the VLO- 
GIC to CSO pins, with Rovci and Rovc2 setting 
the divider ratio. The transition between charging 
modes takes place when: 

5 - 2.3 _ 5/pcr As (21) 

*OVC1 R OVC2 

If Rovc2 ^ picked to be 100K, Rocvi is 1.47k 
since Iqct is 400mA. 

Float Voltage Level 

The float voltage is the voltage that the UC3909 
will apply to the battery to maintain the battery’s 
charge level after the overcharge period has 
ended. The float voltage (as well as the overcharge 
voltage and bulk charge threshold voltages) is de- 
termined by the resistors Rsi, Rs2> R S3 and R S4- 
In the float state, the STATLV transistor (internal to 
the UC3909; see data sheet) is off. The float volt- 
age is the voltage across the battery that will pro- 
duce 2.3V at the VA- pin. Note that for all of the 
voltage thresholds, the reference voltage is ad- 
justed by -3.9mV/°C while the reference for the 
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current thresholds is constant over temperature. 
The float voltage is then: 

1 / _o + Rs2 + Rs3 (22) 

V FLOAT D 

H S3 


If Rs 3 is set to 10.0k, and V F loat to 13.8V, the sum 
of Rsi and Rs 2 is 49.99k. The overcharge voltage 
level (Vqc) is the maximum voltage that will be ap- 
plied to the battery when the charger is in the over- 
charge state. In this state, the STATLV transistor is 
on, and Vqc is the voltage that produces 2.3V at 
the VA- pin. Vqc is then: 

V =2 3 Rsj[ + F * S2 +r S3^ r S4 (23) 

OC ■ D I I D 


Knowing the sum of Rsi and Rs 2 is 49.99k, R S 3 is 
10.0k and Vqc is 14.8V, Rg4 is found to be 115k. 
The bulk charge state is entered when the UC3909 
senses that the voltage on its CHGENB pin goes 
above 2.3V. In the trickle and bulk charge states, 
the STATLV transistor is on, so the value of Vchenb 
is then: 


v CHGENB 


_ 2 3 ft SI + Rs2 + ^S3 
R S 2 + Rs3 


(24) 


Since the sum of Rsi and Rs 2 > and the values of 
Rs 3 and Rs 4 , are known, Rs 2 is 3.74k. From this, 
Rsi must be 46.4k. 

Optocoupler LED Current Limit 

Re must be small enough that sufficient current 
can be put through the LED of the optocoupler to 
cause the collector on the optocoupler output to go 
to 3V. The resistance to ground at the collector of 
the optocoupler is about 205Q. This means that the 
emitter current in the optocoupler must be at least 
14.6mA. If the optocoupler is at the low end of the 
current transfer ratio distribution (80%, for the 
H1 1 A817A), then the LED current must be at least 
18.3mA. Allowing 0.7V for the b-e voltage on Q4, 
and 1.5V of headroom to help prevent saturation, 
the emitter voltage of Q4 will be 2.8V (5.0 - 0.7 - 
1 .5 = 2.8) maximum at 18.3mA. R E is then 150Q. 

CURRENT CONTROL LOOP 

There are several “components” in the current con- 
trol feedback path. Fig. 5 details the feedback path. 
Component in this context refers to a piece of the 
overall transfer function, such as a resistor, which 
transforms a current into a voltage. 



Figure 5. Current control loop components. 
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The individual components of the feedback path The gain of this stage is the derivative of Ilp with 
are: respect to 1C multiplied by the optocoupler gain or: 


1. Q 4 and Re which converts Vcao into Iled in 
the optocoupler. 

2. Ri, R 2 , R 3 , Res and the optocoupler, which 
convert Iled into a peak primary inductor cur- 
rent, Ilp. 

3. The coupled inductor which, along with the 
output voltage, converts Ilp into an average 
current through Rs. 

4. Rs, Rsfi and Csf, which converts the average 
output current into a voltage. 

5. The current sense amplifier, which amplifies 
the voltage across Csf. 

6. The current error amplifier, which provides gain 
and phase compensation for the feedback 
loop. 

These elements will be examined one by one to 
determine the overall loop characteristics. 

Q4 and Re 

Q 4 is configured as an emitter follower. For all prac- 
tical purposes, the collector current and the emitter 
current are equal, and a one volt change in base 
voltage will produce a one volt change in emitter 
voltage. Since the emitter voltage and the emitter 
resistor determine the emitter current and hence 
the collector current, the gain of this stage is: 


F?i (R 2 +^3) 

C*o = 

/■?- 1 + f?2 "F ^3 
= -607 A! A 


*3 

Rcs^ 2 


•1.6 


(28) 


Coupled Inductor and Output Voltage 

The peak current in the secondary inductor is 
Np/Ns times the peak current in the primary induc- 
tor. The secondary current waveform is triangular 
and has the average value, see Fig. 6: 



Figure 6. Secondary current waveform. 
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(30) 


Ri, R2, R3, Res and the Optocoupler 

The optocoupler may have a current gain up to 
160%. The current in the primary inductor is the 
current that results in IV at the junction of resistors 
R 2 and R 3 . Using the principle of superposition: 


*[R1| (R2+R3)] 


^3 ' 

R z +f? 3y 



* R<::s 


R 2 + R 3 


= 1.0 


(26) 


This simplifies to: 

I _ R 2 +/? 3 

Lp R cs f<2 


h 


f?1 (F? 2 + ^ 3 ) 
R-\ + F?2 "F f?g 


f?3 ( 27) 
Rcs^ 2 


and 


X rst ~ k s 



The average output current is then: 


k s AVG - 


2 T 


(Jl s peak 


2 L 
V L 


2 T 




(31) 


(32) 


The gain of the stage is the derivative of the aver- 
age secondary current with respect to the peak pri- 
mary current. Differentiating the above yields: 
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G 3 



^-'l p PEAK% 


From this, it is seen that the gain depends upon 
what the load voltage and current are. This differ- 
entiation yields the gain of the coupled inductor be- 
cause from a small signal standpoint, the battery 
voltage (and hence Vls), switching frequency, 
turns ratio and secondary inductance are constant. 
The maximum value of the gain is the only value of 
interest since this will be the point at which the 
phase margin will be the lowest (in this circuit). If 
the battery voltage is 10.5V and the Schottky volt- 
age is 0.5V, the I|_p that produces an average l|_s of 
4.0A is 3.08A. This is the point where the current 
gain is the highest, at 2.6 A/A. 



FREQUENCY 

Figure 7. Current loop gain. 


Current Sense Resistor and Filter 

The transfer function of the sense resistor and filter 
network is: 


G a = - 


R c 


1 + sR sf ^C sf 


0.02 


-V/ 


1+75 xIO -6 s /A 


(34) 


Current Sense Amplifier 

The output of the current sense amplifier is: 

^cso =2.3-5 V CSF (35) 

The gain of this stage is the derivative of Vcso with 
respect to Vrcs- The gain G 5 , is -5 V/V. 


G(s) = 


1 + sRq Z C cp 
sRq^Cqp 


-Gcea 


(36) 


The R in this integrator has already been deter- 
mined to be 1.47k (Rqi). This leaves the capacitor 
to set the low frequency gain characteristic. For the 
gain to be -0.44dB at 10kHz, the capacitor value 
must be around 10nF. The phase lag through the 
power stage is small in the frequency range of in- 
terest and the origin pole of the current error ampli- 
fier contributes only 90° to the loop. The phase lag 
of the current sense filter is offset by the zero in the 
current error amplifier response. This means that 
the loop is unconditionally stable with near 90° of 
phase margin. 


Total Current Loop Gain 

The open loop gain of the current loop (without the 
current error amplifier) is the product of all of the G 
terms described above. Gcol in this case is 1 .05 
or 0.44dB, with a single pole at 20kHz. 

Current Loop Compensation 

Fig. 7 shows the uncompensated and compen- 
sated current loop gain characteristics. The com- 
pensation goal here is to provide unconditional 
stability in the loop and to roll the closed loop fre- 
quency response off at 1/1 0 th of the switching fre- 
quency. To roll the closed loop response off at 
10kHz, the open loop crossover frequency must be 
10kHz. To do this requires that the current error 
amplifier have -0.44dB gain at crossover. Although 
not strictly necessary, a zero will be inserted in the 
current error amplifier response at 20 kHz to can- 
cel the pole in the current sense filter. The transfer 
function of the current error amplifier is: 


VOLTAGE CONTROL LOOP 

The voltage control loop is shown in Fig. 8. The na- 
ture of this circuit is such that in the trickle and bulk 
charge states, the voltage control loop is open. At 
some point during the overcharge state the voltage 
loop closes or comes into compliance. For the re- 
mainder of the overcharge state and the float 
charge state, the voltage loop (made up of the re- 
sistor divider string R S i through Rs 4 , the voltage 
error amp and Rvg is an outer control loop around 
the current loop. 

The open loop response of the voltage loop is 
equal to the closed loop current loop response 
multiplied by the output impedance and the gain of 
the elements of the voltage loop. In other words: 
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g vol - g ccl ZlGdiv 7 “^ g vea 

m G2 


Where: 

Gvol is the open loop voltage transfer function 

Gccl is the closed loop current transfer func- 
tion 

Zl is the load impedance 

Gdiv is the gain of the battery voltage divider 
looked at from the VA- pin 

Gvea is the transfer function of the voltage er- 
ror amplifier. 

The R G i/Rq2 term is simply the summing ratio of 
the current sense amplifier output and the voltage 
error amplifier output. The closed loop current re- 
sponse (change in output current for a given 
change in current sense amplifier output) is given 
by: 

g ccl = (38) 

f 1 V °CEA G 5 G 4 G 3 G 2 G 1 ) 

J V G CEA G 5 G 4 G 3 G 2 G 1 +1 J 
7.143x10 5 
s +7.143 xIO 4 


The load impedance is difficult to characterize and 
is greatly dependent upon the battery being used. 
The battery is a complex device to model and will 
exhibit parametric shifts depending upon variables 
like temperature, charge state, age and history. Ac- 
cording to the battery manufacturer, Resrbat. 
Cbatt and Rbatt vary considerably depending 
upon what the condition of the battery is. To insure 
that the voltage loop will remain stable, it was as- 
sumed that the equivalent load of the battery, filter 
capacitor and anything else that may be connected 
to the charger has an extremely low frequency 
pole. The frequency of this pole is assumed to be 
much less than the crossover frequency of the volt- 
age loop. This will contribute 90° to the phase lag 
of Gvol at whatever the crossover frequency turns 
out to be. 

The divider gain (Gdiv), is equal to: 

G div = = 0.1 66 (39) 

Rs^ + ^S2 + R S3 


The open loop voltage transfer function for this ap- 
plication is then: 


G] 


VOL 


1.743x1CT 
7.143 xIO 4 +S 


Z, G, 


VEA 


(40) 
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Ignoring the Z[_ and Gvea terms, the phase shift of 
this circuit is 45° at the current control loop cross- 
over frequency (10kHz), and about 22.5° at 
3.2kHz. The voltage error amplifier was chosen to 
be a straight gain amplifier with no complex feed- 
back in order to avoid the additional phase shift 
that comes with introducing more poles into the 
system. With the phase shift of the load taken to be 
90°, the voltage loop should have a crossover fre- 
quency below 3.2kHz to maintain good phase mar- 
gin. At 3.2kHz, the open loop gain of the voltage 
control loop is: 

I G VOL If =3200 = l Z L G VEA | f=320 0 ~ 12 ' 6C ® ( 41 ) 

Conversations with the battery manufacturer sug- 
gested that charging impedance could range from 
250mQ to lOmQ (almost strictly capacitive) at 
3.2kHz. The filter capacitor in the charger is 
5600jliF with an ESR of less than 13mQ. This re- 
sults in a total Z\_ of 8m£2 to 15mQ. The gain of the 
voltage error amplifier must be less than 49dB in 
order to insure that the control loop will crossover 
at less than 3.2kHz. The gain of the amplifier was 
set at 36dB. Testing on the prototype charger 
showed no signs of instability in the voltage control 
loop. While it is not known what the exact imped- 
ance on the battery is, the above approach re- 
sulted in a robust and stable charger. 

OTHER ISSUES 


Line Isolation 

The transformer design presented here will provide 
at least 3750Vrms of isolation and 8mm of creep- 
age from the primary to the secondary. This is ade- 
quate for some applications, but not for others. 
Check with the regulatory standards for the type of 
product being built to find out if this isolation level is 
adequate. If more isolation is required, a core with 
a larger winding window will have to be used since 
this design fills the window of the EFD30 almost 
completely. 

Higher power 

This paper presents a general scheme for control- 
ling a primary side PWM from an isolated UC3909. 
The particular PWM used here is a single output 
device. However, for higher power requirements, 
200W, 500W, IkW and beyond, there is no reason 
that a higher performance single output PWM or 
dual output PWM could not be used with suitable 
design adaptations. At much higher current levels, 
it may be advantageous to use a small value shunt 


for current sensing along with an additional ampli- 
fier to boost the signal level. If the topology is 
changed to a forward buck type, the current sense 
amplifier in the UC3909 will be useful at higher 
switching frequencies without the aid of an input 
averaging filter. 

Disconnection of Load and Minimum Output 
Power 

If it is possible that the load (battery in this case) 
could be disconnected from the charger while the 
charger is powered from the ac mains, the output 
voltage will run away. A means of controlling output 
voltage must be supplied if this is the case. The 
reason for this is that even though the UC3909 
would be commanding zero pulse width, the 
UCC3809 will give a minimum pulse width based 
upon the values of components Res, Ccs, R 3> R2, 
and C ZB . The minimum pulse width arises from the 
fact that the UCC3809 discharges C ZB through an 
internal FET when the oscillator starts its down 
ramp. The internal FET is turned off when the oscil- 
lator starts its up ramp and sends an output pulse. 
Since the output pulse will only terminate when the 
voltage at FB on the UCC3809 reaches IV (or 
when the oscillator again starts its down ramp), the 
minimum pulse width is determined by the time 
that it takes to charge C ZB to IV. 

A means of getting a handle on the minimum pulse 
width can be seen by referring to Fig. 9. When 
minimum pulse width is being commanded by the 
UC3909, it is assumed that the voltage across the 
current sense resistor will not have a significant im- 
pact on the time necessary to charge C ZB to IV. 
The only source available is the current through the 
opto-isolator. The voltage VI is the current out of 
the opto-isolator multiplied by the equivalent resis- 
tance seen at the emitter of the opto-isolator. When 
this voltage is known, the minimum pulse width is 
approximately: 
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This application circuit was not designed to operate 
with a disconnected load. Enough load must be ap- 
plied to dissipate the minimum power output that 
the circuit will supply at the highest input line volt- 
age (a DC rail of 195V). The particular battery used 
here was an adequate load to dissipate this power. 
Minimum pulse width can be reduced by using a 
smaller C ZB , at the expense of noise immunity or 
by increasing the ratio of R 3 to R 2 . This last solu- 
tion will affect the feedback loops somewhat. 

As a means of controlling the output voltage, a 5W 
15V zener diode at the output would work nicely. 
The STATO and STAT1 pins could even be decoded 
to switch the diode into the circuit only when the 
charger goes into float mode. This would guaran- 
tee that the over charge voltage would not cause a 
low threshold diode to start conducting and over- 
heat. Alternatively, a dummy load resistor could be 
placed across the charger output that would dissi- 
pate the minimum output power at the minimum 
temperature compensated float voltage. It will al- 
most certainly be necessary to use the STATO and 
STAT1 pins to switch the resistor into the circuit 
only when the UC3909 is in the float mode. Other- 
wise, the dummy load would be applied to the bat- 
tery and discharge it when the charger is not 
powered from the line. 

Connection of Loads That Bypass the Current 
Sense Resistor 

This technique can be useful if properly applied. 
The charger current sense loop will adjust the out- 
put to a point that will supply the battery with the 
selected charging current, regardless of what cur- 
rent the load requires. There are some caveats 
here though. First, the charger power stage must 
be able to handle the bulk charging current of the 
battery as well as the maximum current that the 
load will draw. Second, the load will add a pole into 
the current control loop, which can complicate the 
design of the feedback, especially in the voltage 
control loop. Third, and probably most importantly, 
the inherent current limiting effect of the current 


control loop will not be active if a fault occurs at the 
load. Some other means of over-current protection 
must be supplied. 



Figure 10. Alternate external load connection. 
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UNITI 

Design Note 


UCC3956 Switch Mode Lithium-Ion Battery Charger Controller, Evaluation Board, 
Schematic, and List of Materials 


The UCC3956 Evaluation Kit allows the design 
engineer to evaluate the operation and perform- 
ance of the Lithium-Ion Battery Charger Control- 
ler. The controller is designed to implement a DC 
to DC buck converter and features a four state 
charge control algorithm that enables the charger 
to safely and rapidly restore the battery pack to 


full capacity. The evaluation board is initially con- 
figured to charge a 2-Cell 1200mA Hour battery 
pack, however, the board can be modified to ad- 
dress a variety of applications. The UCC3956 
Data Sheet contains detailed information about 
the use of the controller. 



Buck Power Stage 

The evaluation board charger schematic is shown 
in Figure 1. Although the 1C will operate with a 
Vdd between 7 and 18 volts, the two cell design 
will require at least 12 volts to be able to charge 
the pack to 8.20 volts. To ensure low noise on the 
board, 22jiF Tantalum capacitors (C1,C2) are 
added to the input and output terminals, while de- 

1/98 


coupling capacitors (C3, C4) are placed on the 
controller’s reference and Vdd. The PWM buck 
power stage consists of LI, Q1, and D3. The 
charger is designed to deliver 1.2 amps of bulk 
current (1C charge rate) and LI is sized to provide 
continuous current with 25% ripple. A 3 amp fuse 
(FI) prevents destructive current from being ap- 
plied to the battery in the event of a fault, while di- 
ode D4 blocks reverse battery current. 
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Current Sense Circuitry 

Inductor current is sensed across RS with a differ- 
ential amplifier at the CS+ and CS- pins (notice 
current flows from CS- to CS+). The evaluation 
board has been configured with a “high side” cur- 
rent sense resistor, which has a DC operating 
voltage a diode drop above the positive terminal of 
the pack. This configuration allows the negative 
terminal of the pack to be referenced to circuit 
ground. High side current sensing is selected by 
populating RC1 and RC2 with zero ohm jumpers 
and by not populating (NP) RC3 and RC4. Cer- 
tain applications may require a low side current 
sense solution. Examples include designs where 
the battery voltage exceeds the controller’s Vdd 
rating, or where a high side sense resistor would 
have excessive common mode noise. Low side 
current sensing can be implemented by swapping 
FI and RS. In this case, RC3 and RC4 would 
have zero ohm jumpers, while RC1 and RC2 
would not be populated. 

Feedback Components 

The feedback design of the 2 cell charger is pre- 
sented in the application section of the data sheet 
and will not be repeated here. Resistors RCF and 
RVF are initially populated with zero ohm jumpers 
and are assumed to be zero ohms in the equa- 
tions that follow. In the evaluation of the charger’s 
control loops, these jumpers can be replaced with 
low value resistors (50 ohm) to facilitate the use 
of a network analyzer. The current amplifier net- 
work for the two cell design consists of a pole- 
zero-pole response provided by CF3, CF4, and 
RF4, resulting in a crossover frequency around 
10kHz. The voltage amplifier network consists of 
a single pole response, provided by CF1, with a 
crossover frequency of 2kHz. Components CF2 
and RF2 are not populated, but allow the voltage 
feedback network to be modified. 


Oscillator Frequency 

The PWM frequency is determined by Equation 1 . 
A 180pF COSC and a 178k RSET yield a switch- 
ing frequency of 100kHz. 


Frequency = 


3.475 

(COSC + 20 pF)* RSET 


0 ) 


Charge State Logic 

A charge cycle is initiated by pressing the momen- 
tary push button switch SI. Resistors R4 and R5 
keep the CHG pin voltage between 3 and 6 volts 


when SI is closed. The controller has two status 
output pins, STATO and ST ATI, which drive LEDs 
to indicate the states of the charger. An LED de- 
code chart is printed on the evaluation board. 

• TR: The trickle state is indicated when a reduced 
current is being delivered by the charger be- 
cause the pack voltage is depleted below the 
trickle threshold. This state will also be indicated 
when power is initially applied to the board be- 
fore a charge cycle is initiated. 

• BLK: The constant current or bulk state is in- 
dicted when bulk current is being delivered by 
the charger and the pack voltage is between the 
trickle and the over-charge thresholds. 

• OVER: The constant voltage or over-charge state 
is indicated when the pack voltage reaches 95% 
of its final value and the over-charge timer is initi- 
ated. Bulk current will continue being applied by 
the charger until the pack voltage reaches 100% 
of its final voltage, at which time the charge cur- 
rent will begin to decrease. 

• TOP: The top-off state is indicated when the bat- 
tery is at its final voltage and its current is below 
the top-off threshold set at the IMIN pin. The 
top-off indication notifies the user that the pack is 
near full capacity (maybe 95%) and is ready to 
be used. If the battery is not pulled from the 
charger, it will continue charging until the over- 
charge timer expires. When the over-charge 
timer expires, the LEDs will indicate the top-off 
state until a new charge cycle is initiated or 
power is cycled on the board. 

Programming the Trickle State 

The charger transitions from the trickle to bulk 
charge state when the CHGEN pin equals 2.05 
volts. The corresponding pack voltage is given in 
equation 2. With RSA = RS3 = 10.0K and RSB = 
RS2 = 2.21 K, the charger will remain in the trickle 
state with a pack voltage less than 5.0 volts. 

Vpack_ trickle = ( 2 ) 

f RSA + RSB + RS2 + RS3\ 0 Q5 
V RS3 J 


The programmed level of the trickle current is ex- 
pressed in Equation 3. A trickle current of 60mA 
(C/20) is programmed with RG1=20K, 
RSET=178K and RS=0.18 ohm. 


Itrickle = 


RG\ 

1 0 • RSET • RS 


( 3 ) 
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Programming Bulk Current 

Bulk current is set by the resistor values at the in- 
put to the current error amplifier and the current 
sense resistor as expressed in Equation 4. A bulk 
current of 1.2A is programmed with RG1=20K, 
RG2=38.3K and RS=0.18 ohm. 


I BULK = 


2.05 *RG1 
5 • RG2 • RS 


(4) 


Programming the Over Charge State 

The controller indicates the over charge state and 
timer is initiated when the battery is at 95% of its 
final voltage (7.80V in this case). The over 
charge time period is programmed with CTO ex- 
pressed in equation 5 (minutes). A capacitance of 

0. 1 uF results in a period of 80 minutes. A capaci- 
tor in the pF range can be used when evaluating 
the timer’s functionality (i.e. a 220pF CTO will 
give a 10 second time-out period). 

TIMEOUT = 4550 • CTO • RSET (5) 

The charger will transition from a constant current 
to a constant voltage mode of operation when the 
voltage amplifier comes into regulation. This oc- 
curs when the voltage at the inverting input (VA-) 
of the amplifier reaches the value set at the non- 
inverting input (VA+). The voltage at VA+ is set by 
resistors RRA and RRB as expressed in equation 
6. In the case of the 2 cell charger, RRA is not 
populated and RRB is a zero ohm jumper, yield- 
ing a VA+ voltage equal to the 4.1V reference. 

V + = 4.U( ) (6) 

l RRA + RRB ) 

The final pack voltage is programmed by a resis- 
tor divider tied to the VA- input (the resistor val- 
ues are also used to set the trickle threshold). 
Equation 7 gives the formula for the final pack 
voltage. Capacitor Cfilt is connected to the VA- 
input to suppress a voltage spike that occurs 
when the charger transitions from the trickle to 
bulk state, preventing the overcharge timer from 
being initiated prematurely. A final voltage of 8.2V 
is achieved by using the resistor values of Figure 

1 . 


Vpack_ final = 


'RSA + RSB + RS 2 
l RS2+RS3 


+ RS3 j t 


V + 


(7) 


Programming the Top-off Current Level 

The top-off state is indicated when the pack has 
reached its final voltage and the current to the 
pack has been reduced below the level set by 
equation 8. With RS4=11k, RS3=10k, and 
RS=0.18 ohms, a current level of 120mA (C/10) 
will turn both LEDs off, indicating the battery is 
near full charge. Again, if the user does not pull 
the battery from the charger, it will continue to 
charge until the timer expires, restoring 100% ca- 
pacity. 


2.05* 


Itop_ off = 


( 

1-2 

v 


RS5 


RS4 + RS5 


(8) 


5 •RS 


Configuring the Charger to Address Different 
Pack Voltages 

A single cell design requires a final pack voltage 
of 4.1 volts. This can be accomplished with two 
different approaches. The first approach is to 
leave VA+ connected to the 4.1V reference and 
replace RSA and RSB with zero ohm jumpers. 
An impedance, required for the voltage amplifier 
network, is provided by populating RSC with a 
10K resistor. Resistor values for RS2 and RS3 
would need to be changed to set the trickle 
threshold. The second approach is to maintain 
the two-cell design values for RSA, RSB and 
RSC, and to place equal value resistors at RRA 
and RRB, setting VA+ to 2.05 volts. 

Three and four cell designs will require a higher 
value for RSA+RSB. Since a four cell design will 
have a final pack voltage of 16.8V, the input volt- 
age of the charger may exceed the maximum rat- 
ing of the controller. In this case, a level shifting 
circuit will be needed to drive Q1 and a Zener 
regulator will be needed at Vdd. 

For more complete information, pin descriptions 
and specifications for the UCC3956, please refer 
to the datasheet or contact your Unitrode Field 
Applications Engineer. 
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Reference Designator 

Part Description 

Distributor or Manufacturer 
Part Number 

Cl , C2 

22jliF Tantalum SMD-7343 

Allied 213-6137 

C3, C4, Cfilt, CTO 

O.IjiiF Ceramic SMD-1206 

Digikey PCC104BCT-ND 

CF1 

2200pF Ceramic SMD-1206 

Digikey PCC222BCT-ND 

CF3 

lOOpF Ceramic SMD-1206 

Digikey PCC1 01 CCT-ND 

CF4 

lOOOpF Ceramic SMD-1206 

Digikey PCC102BCT-ND 

COSC 

180pF Ceramic SMD-0805 

Digikey PCC1 81 CGCT-ND 

D1 

Red LED 

Digikey HLMP-1 700QT-ND 

D2 

Green LED 

Digikey HLMP-1 790QT-ND 

D3, D4 

3A Schottky Diode SMD 

General Instruments SS34 

FI 

3A Slow Blow Fuse SMD-7343 

Digikey FF1169CT-ND 

LI (provided) 

150jjJH Inductor, 1.5A 

Coilcraft DO-5022P-154 

(Alternate for lower current) 

150|uiH Inductor, 1.0A 

Coilcraft DO-331 6P-1 54 

(Alternate for low noise) 

150jxH Toridal Inductor, 1.7A 

Pulse Engineering 
(619)674-8100 PE-25645 

Q1 (provided) 

P-channel 0.28 Rdson SMD 

International Rect. IRFR9024 

(Alternate thru hole) P-channel 0.28 Rdson TO-220 

International Rect. IRF9Z24 

R1,R2 

2.67k Resistor SMD-1206 

Digikey P2.76KFCT-ND 

R3, R5, RSA, RS3, RS5 

10.0k Resistor SMD-1206 

Digikey PI 0.0KFCT-ND 

R4, RG1 

20.0k Resistor SMD-1206 

Digikey P20.0KFCT-ND 

R6 

178k Resistor SMD-1206 

Digikey P178KFCT-ND 

R7 

47Q Resistor SMD-1206 

Digikey P47FCT-ND 

RCF, RVF, RRB, RSC, RC1, RC2 

0Q Jumper SMD-1206 

Mouser 71 -CRCW1 206-0 

RF4 

15.0k Resistor SMD-1206 

Digikey P15.0KFCT-ND 

RG2 

38.3k Resistor SMD-1206 

Digikey P38.3KFCT-ND 

RS2, RSB 

2.21k Resistor SMD-1206 

Digikey P2.21KFCT-ND 

RS 

0.1 8Q Resistor SMD-2512 

Digikey P.18VCT-ND 

RS4 

11.0k Resistor SMD-1206 

Digikey PI 1.0KFCT-ND 

St 

Momentary Push Switch 

Digikey CKN9002CT-ND 

TB1.TB2 

Terminal Blocks 

Digikey EDI 601 -ND 

U1 

Charger Controller 

Unitrode UCC3965 SOIC-20 

CF2, RC3, RC4, RRA, RF2 

Not populated 



Table 1. Parts list for the 2 Cell Charger in Figure 1. 
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Simple Switchmode Lead-Acid Battery Charger 


Abstract 

Lead-acid batteries are finding considerable use as both primary and backup power sources. For complet 
battery utilization, the charger circuit must charge the battery to full capacity, while minimizing over-charging 
for extended battery life. Since battery capacity varies with temperature, the charger must vary the amount 
of charge with temperature to realize maximum capacity and life. Simple, low cost circuits are currently 
available for small, low power requirements, while more complex solutions are affordable only on larger more 
expensive systems. Often the greatest challenge is in designing mid-size, mid-price systems, where obtaining 
optimum performance at moderate cost and complexity may be nearly impossible without dedicated integrated 
circuits. This paper describes a compact lead-acid battery charger, which achieves high efficiency at low cost 
by utilizing switchmode power circuitry, and provides high charging accuracy by employing a dedicated control 
1C. The circuit described can be easily adapted to lower or higher power applications. 


Lead-Acid Basics 

Lead-acid battery chargers typically have two tasks 
to accomplish. The first is to restore capacity, often 
as quickly as practical. The second is to maintain 
capacity by compensating for self discharge. In both 
instances optimum operation requires accurate 
sensing of battery voltage and temperature. 

When a typical lead-acid cell is charged, lead sulfate 
is converted to lead on the battery’s negative plate 
and lead dioxide on the positive plate. Over-charge 
reactions begin when the majority of lead sulfate has 
been converted, typically resulting in the generation 
of hydrogen and oxygen gas. At moderate charge 
rates most of the hydrogen and oxygen will 
recombine in sealed batteries. In unsealed batteries 
however, dehydration will occur. 

The onset of over-charge can be detected by 
monitoring battery voltage. Figure 1 shows battery 
voltage verses percent of previous discharge 
capacity returned at various charge rates. Over 
charge reactions are indicated by the sharp rise in 
cell voltage. The point at which over-charge 
reactions begin is dependent on charge rate, and as 
charge rate is increased, the percentage of returned 
capacity at the onset of over-charge diminishes. For 
over-charge to coincide with 100% return of 
capacity, the charge rate must typically be less than 
C/1 (1/100 amps of its amp-hour capacity). At high 
charge rates, controlled over-charging is typically 



0 25 50 75 100 125 150 


PERCENT OF PREVIOUS DISCHARGE 
CAPACITY RETURNED 

Figure 1 . Over-charge reactions begin earlier (indicated by 
the sharp rise in cell voltage) when charge rate is increased. 
(Reprinted with the permission of Gates Energy Products, Inc.) 
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employed with sealed batteries to return full capacity 
as quickly as possible. 

To maintain capacity on a fully charged battery, a 
constant voltage is applied. The voltage must be 
high enough to compensate for self discharge, yet 
not too high as to cause excessive over-charging. 
While simply maintaining a fixed output voltage is a 
relatively simple function, the battery’s temperature 
coefficient of -3.9mV/degree C per cell adds 
complication. If battery temperature is not 
compensated for, loss of capacity will occur below 
the nominal design temperature, and over-charging 
with degradation in life will occur at elevated 
temperature. 

Charging Algorithm 

To satisfy the aforementioned requirements and 
thus provide maximum battery capacity and life, a 
charging algorithm which breaks the charging cycle 
down into four states is employed. The charging 
algorithm is illustrated by the charger state diagram 
shown in figure 2. Assuming a fully discharged 
battery, the charger sequences through the states 
as follows: 

1. Trickle-charge If the battery voltage is below a 
predetermined threshold, indicative of a very 
deep discharge or one or more shorted cells, a 
small trickle current is applied to bring the 
battery voltage up to a level corresponding to 
near zero capacity (typically 1.7V/cell@ 25 
degrees C). Trickle charging at low battery 
voltages prevents the charger from delivering 
high currents into a short as well as reducing 
excessive out-gassing when a shorted cell is 
present. Note that as battery voltage increases, 
detection of a shorted cell becomes more 
difficult. 

2. Bulk-charge Once the trickle-charge threshold 
is exceeded the charger transitions into the 
bulk-charge state. During this time full current is 
delivered to the battery and the majority of its 
capacity is restored. 

3. Over-charge Controlled over charging follows 
bulk-charging to restore full capacity in a 
minimum amount of time. The over-charge 
voltage is dependent on the bulk-charge rate as 
illustrated by figure 1 . Note that on unsealed 
batteries minimal over-charging should be 
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Figure 2. The charging algorithm is broken down into four 
states 

employed to minimize out-gassing and 
subsequent dehydration. Initially overcharge 
current is the same as bulk-charge current. As 
the over-charge voltage is approached, the 
charge current diminishes. Over-charge is 
terminated when the current reduces to a low 
value, typically one-tenth the bulk charge rate. 

4. Float-Charge To maintain full capacity a fixed 
voltage is applied to the battery. The charger 
will deliver whatever current is necessary to 
sustain the float voltage and compensate for 
leakage current. When a load is applied to the 
battery, the charger will supply the majority of 
the current up to the bulk-charge current level. 

It will remain in the float state until the battery 
voltage drops to 90% of the float voltage, at 
which point operation will revert to the bulk 
charge state. 

Charger Circuit Design 

There are many possible circuit configurations which 
will provide the necessary control and output 
charging current. For efficient operation, particularly 
at higher output currents, switching power circuitry 
is preferred. To minimize cost as well as complexity 
each 1C used must provide as much functionality as 
possible. A circuit topology was chosen which 
utilizes two special purpose ICs and a general 
purpose op-amp to provide all of the control 
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functions, while a discrete MOSFET output stage 
handles the power. The circuit design is modular to 
simplify modification for different application 
requirements. 

The charger circuit can be divided into three basic 
blocks. The first is the voltage loop control and state 
control logic which executes the control algorithm 
while providing temperature compensation. The 
second is the switchmode controller which regulates 
the current to the battery as commanded by the 
voltage loop control and state control logic. The third 
is the output power stage which is sized to efficiently 
deliver the charging current. 


Voltage Loop Control and State Control Logic 

Initially designed for charging small lead-acid 
batteries using a linear pass transistor for current 
control, the UC3906 directly implements the voltage 
loop control and state control logic while providing 
the appropriate temperature compensation. The 
block diagram of the UC3906 is shown in figure 3. 

Battery voltage is monitored with a resistor divider 
string. This network establishes the float voltage, the 
over-charge voltage, and the trickle-charge 
threshold voltage by comparing to the precision 
temperature compensated reference. Since 
temperature is monitored on chip it is critical that the 
battery and the UC3906 are in close proximity, and 
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that self-heating or heating from other components 
is minimized. 

The differential current sense comparator is used to 
terminate over-charging and transition to the float 
state. The voltage amplifier provides gain and 
compensation for the voltage loop. The UC3906 is 
covered in detail in reference [3]. 

Switchmode Current Source 

The charging algorithm places great demands on 
the current loop, during bulk charge full current must 
be supplied, yet during the float state the current 
draw may be only a few milliamps. This equates to 
a dynamic range in excess of 60 dB which can be 
very difficult to achieve with common peak current 
mode techniques. The wide dynamic range also 
requires operation with both continuous and 
discontinuous inductor current, potentially adding 
complication to voltage loop stabilization. Although 
load resistors can be employed to reduce the 
required dynamic range, their use can significantly 
degrade efficiency, particularly while in the float 
state. Note that a high value load resistor (10 k) is 
employed to assure operation down to zero output 
current and to provide a discharge path for the output 
capacitor. Additionally, to provide precise bulk and 
trickle-charge current levels the closed current loop 
transconductance must be accurate. Average 
current feedback will circumvent these potential 
problems, and is the key to a successful 
implementation of the switching current source for 
this application. 

Figure 4 shows the basic implementation of average 
current feedback. While slightly more complicated 
than typical peak current mode control schemes, 
average current feedback offers several critical 
performance enhancements. The high gain of the 
error amplifier at lower frequencies provides high 
closed current loop accuracy and accommodates 
the large output stage nonlinearity which occurs 
when the inductor current becomes discontinuous. 
Good switching spike noise immunity is inherent with 
this technique permitting stable operation at narrow 
duty cycles. 

A UC3823 PWM controller shown in figure 5 was 
chosen for the current loop control circuit for several 
reasons. First and most importantly it is capable of 
operating linearly from very small duty cycles to near 


Lo Rs 



100% duty cycle. Secondly the error amplifier 
bandwidth and configuration are well suited to the 
average current loop’s requirements. Additionally, 
the output driver affords a simple interface to most 
discrete output power stages. 

A separate op-amp configured as a differential 
amplifier senses the output current and level shifts 
the signal to the appropriate voltage. The offset and 
common mode rejection of this amplifier are the 
major source of current loop error. 

Output Power Stage 

To simplify development a simple buck regulator 
output stage was used. For further simplicity the 
high-side switch is implemented using a direct 
coupled P-channel MOSFET. A switched current 
sink provides gate charge, turning the MOSFET on 
while a zener diode limits the gate to source voltage 
to 12 volts. A second emitter switched current sink 
drives a PNP which removes gate charge, turning 
the MOSFET off. Undoubtedly this output stage is 
suitable for many applications, although higher 
power capability and efficiency can be achieved 
using N-channel devices. A relatively low value 
output inductor was chosen to minimize size and 
cost since operation in the discontinuous current 
mode is of no concern with average current 
feedback. Output ripple voltage is also not critical so 
the output capacitor was selected for ripple current 
capability. High frequency ringing caused by circuit 
parasitics is damped with a small RC snubber across 
the catch rectifier. A rectifier in series with the output 
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Figure 5. UC3823 High speed PWM Controller Block Diagram 


prevents the battery from back driving the charger 
when input power is disconnected. 

Complete Charger Circuit 

A complete schematic for the switch-mode charger 
is shown in figure 6. Control circuit power is supplied 
from an emitter follower off a zener shunt regulator. 
The PWM frequency is set to 100 kHz as a 
reasonable compromise between output filter 
component size and switching loss. Output current 
is sensed in the battery return lead to minimize 
common mode voltage errors. This arrangement 
also allows direct current sensing for pulse by pulse 
current limiting adding further protection during 
abnormal conditions. The differential amplifier is set 
to a gain of 5 with the output signal referenced to the 
UC3823s 5.1 V reference. 

The current feedback signal is summed with the 
current command signal at the error amplifier’s 
inverting input. To accommodate worst case offset 


in both the error amplifier and the differential 
amplifier and allow zero output current, the 
non-inverting input of the error amplifier is biased 
130 mV below the 5.1 V reference. Trickle bias is 
accomplished by injecting a small current into the 
differential amplifier’s negative op-amp input, thus 
causing a proportional output current to balance the 
loop. Additionally, a 100 pF capacitor across the 
PWM comparator inputs enhances noise immunity, 
particularly at low duty cycles. 

For maximum control and float voltage accuracy, the 
UC3906s ground is connected to the battery’s 
negative terminal, thereby rejecting the current 
sense resistors voltage drop. The internal emitter 
follower output transistor interfaces to the current 
source as illustrated in figure 7. The voltage amplifier 
drives the output current command signal. The 
current command signal is limited by clamping the 
voltage amplifier output through a diode to 4.2 V. The 
clamp also prevents the emitter follower from 
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Figure 6. Switchmode Lead-Acid Battery charger schematic 
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CURRENT 



Figure 7. The UC3906’s output transistor provides the 
interface to the switchmode current source. 


saturating which would cause a large difference 
between collector and emitter currents due to 
excessive base drive. 

Battery voltage is sensed by the resistor divider 
string, with the values shown for a typical 24 V (12 
cell) application. Other battery voltages are easily 
accommodated by simply changing the divider 
values using the procedure presented in the 
UC3906 data sheet, although changes in input 
voltage may require modification of the output circuit 
and the control circuit power supply. The resistor 
divider establishes all of the state transitions with the 
exception of over-charge terminate, which is 
determined by detecting when the output current 
has tapered off to approximately one-tenth the bulk 
charge level. This is accomplished by the UC3906s 
current sense comparator which senses the 
appropriately scaled signal from the differential 
amplifier output. 

Current and Voltage Loop Compensation 

The charger circuit implements a two loop control 
system with the current loop operating inside the 
voltage loop. During trickle-charge, bulk-charge and 
the beginning of over-charge the voltage loop is 
saturated and the current loop is essentially driven 
from a fixed reference. 

With continuous inductor current the control to 
output gain of the current loop shown in figure 4 
exhibits a single pole response from the output 
inductor. The error amplifier gain at the switching 


frequency is set such that the amplified inductor 
current down-slope is less than the oscillator-ramp 
up-slope as seen by the PWM comparator. By 
setting the two slopes equal under worst case 
conditions (at maximum output voltage) maximum 
closed loop bandwidth is achieved without 
subharmonic oscillation. 

Placing a zero below the minimum loop crossover 
frequency significantly boosts low frequency gain 
while a pole placed above the maximum crossover 
frequency enhances noise immunity. Note that since 
loop response is not particularly critical for battery 
charging, conservative compensation with plenty of 
phase margin is normally employed. 

When inductor current becomes discontinuous, the 
power circuit gain suddenly drops, requiring large 
duty cycle changes to significantly effect output 
current. The single pole characteristic of continuous 
inductor current with its 90 degree phase lag 
disappears. The current loop becomes more stable, 
but less responsive. Fortunately the high gain of the 
error amplifier easily provides the large duty cycle 
changes necessary to accommodate changes in 
output current, thereby maintaining good average 
current regulation. 

The block diagram of the voltage loop is shown in 
figure 8. With an inner transconductance loop the 
control to output gain of the voltage loop exhibits a 
single pole response from the output capacitor and 
equivalent load resistance. While it may initially 
appear that a simple fixed gain on the voltage 
amplifier would provide suitable loop compensation, 
further examination shows a severe drop in voltage 
gain at high loads, which would drastically reduce 
DC accuracy. A zero is placed in the voltage 
amplifier’s transfer function to boost low frequency 
gain and therefore restore DC accuracy. 

The current loop’s single pole response above its 
crossover frequency cancels the output stage zero 
resulting from the output capacitor’s capacitance 
and ESR. Note again that since wide bandwidth is 
not required for battery charging, the voltage loop 
crossover frequency is well below both the current 
loop’s pole and the output capacitor’s zero. Low 
leakage capacitors must be used for the 
compensation network to maintain high DC gain 
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since the voltage amplifier is a transconductance 
type. Loop stabilization is covered extensively in 
references [1] and [2]. 

Charger Performance Summary 

The charger circuit properly executes the charging 
algorithm, exhibiting stable operation regardless of 
battery conditions including an open circuit load. The 
circuit was tested with 6, 12 and 24 V batteries by 
modifying only the battery voltage sense divider. As 
would be expected, circuit efficiency was best at high 
battery voltage, approaching 85% while 
bulk-charging a 24 V battery with a 40 V input supply 
voltage. 

An analysis of circuit losses indicates several areas 
where efficiency could be improved. Any accuracy 
and offset improvement in the differential amplifier 
will allow a corresponding decrease in current sense 
resistor value and hence dissipation, while 
maintaining the same overall current loop accuracy. 
Replacing the output blocking rectifier with a 
Schottky would save a few watts if the Schottky’s 
leakage could be tolerated. Further improvement 
could be made in that area by using a relay to 
disconnect the charger when input power is 
removed. A more conservative inductor design with 
less resistance would save a little over one watt. As 
expected, the greatest losses occur in the output 
switch. A lower on resistance FET and a higher peak 
current gate drive to reduce switching losses could 
save more than 5 watts. Incorporating a few of these 
improvements will easily increase circuit efficiency 
to greater than 90%. 

Alternate Circuit Configurations 

While the charger circuit as designed may be 
suitable for many applications, a few modifications 
should satisfy the majority of additional 
requirements. Higher voltage batteries can be 
charged by designing a higher voltage output stage. 
N-channel MOSFETs are preferable for cost and 
efficiency reasons, but are more difficult to drive than 
P-channels. Fortunately, the remainder of the circuit 
will require minimal modification. 

Some applications may require both the battery and 
charger to share a common ground and thus prohibit 
current sensing in the batteries negative return. The 
differential amplifier can sense current at the 
inductor output if tighter tolerance resistors to 
improve CMRR are used. While this simple 


modification renders a suitable signal for closing the 
current loop, another current sense signal 
referenced to ground must be developed for pulse 
by pulse current limiting. This signal is most easily 
derived by using a PNP level shift transistor, 
connecting the base to the 5.1 V reference and the 
emitter through a resistor to the differential amplifier 
output. 

At higher battery voltages it may be desirable to float 
with a current rather than a voltage. Varying 
self-discharge rates of individual cells in high voltage 
batteries causes inevitable differences in cell charge 
levels. By employing a float current and applying a 
small continuous overcharge, variation of charge 
between cells is minimized. Precise output at float 
current levels places great demands on current loop 
accuracy, and will add unnecessary expense to the 
current sensing circuitry. A more cost effective 
alternative is to use a fixed linear current source 
which should be small and inexpensive considering 
the very low output current. 

Thus far the input supply has not been addressed 
and is assumed to be from a voltage required 
elsewhere in the system or from a typical line 
frequency transformer, rectify bridge and filter 
capacitor. This may represent more than half the 
cost of the charger, and is certainly the majority of 
its size and weight. An obvious alternative is to 
replace the buck output section with a transformer 
coupled output, taking advantage of the switching 
control circuit already present. Buck derived circuits 
such as forward, half-bridge and full-bridge easily 
interface with the existing design, however resonant 
and flyback circuits are also applicable. A small (0.75 
W) auxiliary supply will be required to power the 
control circuitry since the modulator will output zero 
at times, prohibiting the use of a bootstrap winding 
commonly used on switching power supplies. This 



Figure 8. Voltage Control Loop block diagram 
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approach is particularly cost effective for 
stand-alone applications, allowing the design of a 
compact, light weight, high performance charger. 

Summary 

A practical switchmode lead acid battery charger 
circuit has been presented which incorporates all of 
the features necessary to assure long battery life 
with rapid charging capability. By utilizing special 
function ICs, component count is minimized, 
reducing system cost and complexity. With the 
circuit as presented, or with its many possible 
variations, designers need no longer compromise 
charging performance and battery life to achieve a 
cost effective system. 
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IMPLEMENTING MULTI-STATE CHARGE ALGORITHM WITH THE UC3909 
SWITCH-MODE LEAD-ACID BATTERY CHARGER CONTROLLER 


INTRODUCTION 

Applications of lead-acid batteries for primary as 
well as backup power sources has been increased 
significantly. The reasons behind this growth are 
the continuously improving battery technology 
which provides higher and higher power densities, 
and the increased demand for wireless operation 
of different electronic devices and tools. Manufac- 
turers of these equipment are frequently chal- 
lenged to provide solutions for quick and efficient 
recharge of the cells and to maximize the capacity 
and life of the battery. 

Although the task sounds simple, satisfying the 
various requirements associated with charging and 
maintaining lead-acid batteries often requires con- 
siderable intelligence from the battery charger cir- 
cuit. The implementation of a well optimized 
charging process requires complex control cir- 
cuitry, such as microprocessors, DSP chips or 
state machine type of controllers. Usually, these 
solutions require custom components, and signifi- 
cant hardware and software development time. 
The cost of these solutions are penalized, by the 
higher cost and software of the digital controller, 
interfacing to the analog part of the circuit, in addi- 
tion to the increased part count and consequently 
higher manufacturing expense. 

This Application Note will introduce a new, dedi- 
cated analog controller. The UC3909 Switchmode 
Lead-Acid Battery Charger integrated circuit pro- 
vides a low cost solution to battery charging, with- 
out sacrificing the performance of the system. 

Additionally, the paper will guide users, whose 
primary expertise is not switchmode power supply 
design, how to devise state of the art, multi-state 
battery charger, using the new 1C. The step by 
step instructions incorporated in this Application 
Note will provide exact component values, reduc- 
ing the time of the paper design to merely a few 
minutes. 


BASICS OF LEAD-ACID BATTERIES 

In order to efficiently discuss battery properties, 
some of the common terms used in the battery 
industry have to be defined. 

Ampere-Hour (Ah) - is a measurement of electric 
charge computed as the integral product of current 
(in Amperes) and time (in hours). 

Capacity - is the ability of the battery to store and 
discharge a given quantity of current over a speci- 
fied period of time. The capacity of the battery is 
expressed in Ampere-Hours (Ah). A cell’s capacity 
is a function of the discharge current and usually 
increases with lower current levels. The capacity of 
the battery listed in the datasheet usually corre- 
sponds to the measured capacity at C/10 dis- 
charge rate. 

C Rate - is the charge or discharge current of the 
battery expressed in multiples of the rated capac- 
ity. For example, a 2.5Ah cell will provide 250mA 
for 10 hours. The C rate in this particular case is 
C/10. In the real world, however, a cell does not 
maintain the same rated capacity at all C rates. 

Self Discharge - is the loss of useful capacity of a 
cell on storage due to internal chemical action. 

Deep Discharge - is the discharge of the battery 
below the specified cutoff voltage, typically 1.7V- 
1.9V per cell at 25°C depending on the C rate, 
before the battery is recharged. It happens usually 
upon withdrawal at least 80% of the rated capacity 
of the cells. 

Constant Voltage Charge - is a charging tech- 
nique during which the voltage across the battery 
terminals is regulated while the charge current 
varies according to the state of charge of the bat- 
tery. 

Constant Current Charge - is a charging method 
during which the current through the battery is 
maintained at a steady state value while the cell 
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voltages will vary according to the state of charge 
of the battery. 

Trickle-Charge - is a constant current charge of 
the battery. In this mode, a low current, typically in 
the range of C/100 or lower is applied to the bat- 
tery to raise the voltage to the deep discharge 
threshold (cutoff voltage), a level corresponding to 
near zero capacity. The trickle charge current has 
to be determined to assure continuous operation 
without damaging the cells. 

Bulk-Charge - is also a constant current mode of 
operation, to quickly replenish the charge to the 
battery. The battery manufacturers define the bulk 
charge current as the maximum charge current 
allowed for the cells. It can be applied to the bat- 
teries if their voltage is between the deep dis- 
charge and the over-charge limits. Typical bulk 
charge current varies between C/5 and 2 C de- 
pending on manufacturers and battery types. 

Over-Charge - the term describes the chemical 
reactions taking place when the majority of the 
lead-sulfate has already been converted to lead, 
resulting in the generation of hydrogen and oxy- 
gen. The beginning of the over-charge reactions 
depends on the C rate, and it is indicated by the 
sharp rise in cell voltage as illustrated in Figure 1. 



Figure 1 . Typical over-charge characteristic at 
different charge rates. 


For over-charge to coincide with the 100% return 
of capacity, the charge rate must be less than 
C/100. For higher charge rates, over-charge of 
lead-acid batteries is necessary to return the full 
capacity. 

In a controlled over-charge mode, a constant 
voltage is applied. Its value is typically set between 
2.45 V/cell and 2.65 V/cell, again depending on the 
C rate. Improper selection of the over-charge volt- 
age will eventually result in dehydration of the 
battery and reducing its useful life span. 

Float-Charge - is a constant voltage charge of the 
battery, after completing the charging process. 
This voltage maintains the capacity of the battery 
against self discharge. Even though providing a 
fixed output voltage is a simple task, to find the 
precise value of the float voltage has a profound 
effect on battery performance. For instance, 5% 
deviation from the optimum cell voltage in float 
mode, could result approximately 30% difference 
in the available capacity of the battery. Further- 
more, the battery’s temperature coefficient of typi- 
cally -3.9mV/°C per cell, adds complication. If the 
float voltage is not compensated according to the 
battery temperature, loss of capacity will occur 
below the design temperature, and uncontrolled 
over-charging with degradation in life will happen 
at elevated temperature. 

BATTERY CHARGER BASICS 

What differentiates a battery charger from a con- 
ventional power supply is the capability to satisfy 
the unique requirements of the battery. Lead-acid 
battery chargers typically have two tasks to ac- 
complish. The most important is to restore capacity 
as quickly as possible. The second one is to 
maintain capacity by compensating for self dis- 
charge and ambient temperature variations. 

There are two fundamentally different charging 
methods for lead-acid batteries. In constant volt- 
age charge, the voltage across the battery termi- 
nals is constant and the condition of the battery 
determines the charge current. Constant voltage 
charge is most popular in float mode application. 
The charging process is usually terminated after a 
certain time limit is reached. 

Another technique is constant current charge, 
which is often used in cyclic applications because 
it recharges the battery in a relatively short time. 
As opposed to constant voltage charge, the con- 
stant current charge automatically equalizes the 
charge in the series cells. There are many varia- 
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tions of the two basic methods, well suited for 
switchmode battery charger circuits. Considering 
that well designed switchmode power converters 
are inherently current limited, the combination of 
constant current and constant voltage charge is an 
obvious choice. 


The best performance of the lead-acid cells can be 
achieved using a four state charge algorithm. This 
method integrates the advantages of the constant 
current charge to quickly and safely recharge and 
equalize the lead-acid cells, with the constant volt- 
age charge to perform controlled over-charge and 
to retain the battery’s full charge capacity in float 
mode applications. The carefully tailored charging 
procedure maximizes the capacity and life expec- 
tancy of the battery. 



Figure 2. Four-state charge algorithm 


The four states of the charger’s operation are 
trickle charge, bulk charge, over-charge and float 
charge, as they are shown in Figure 2. Assuming a 
fully discharged battery, the charger sequences 
through the states as follows: 


State 1 : Trickle Charge 

If the battery voltage is below the cutoff voltage, 
the charger will apply the preset trickle charge cur- 
rent (l TRICKLE ). In case of a healthy battery, as the 
charge is slowly restored, the voltage will increase 
towards the nominal range until it reaches the cut- 
off voltage. At that point the charger will advance 
to the next state, bulk charging. 


In case of a damaged battery, e.g. one or more 
cells are shorted or the internal leakage current of 
the battery is increased above the trickle current 
value, the low value of the trickle charge current 
ensures safe operation of the system. In this case 
the battery voltage will stay below the deep dis- 
charge threshold (V CUT0FF ) preventing the charger 
from proceeding to the bulk charge mode. 

When the battery voltage is above the cutoff volt- 
age at the beginning of the charge cycle, the trickle 
charge state is skipped and the charger starts with 
the bulk charge mode. 

State 2: Bulk Charge 

In this mode the maximum allowable current (l BULK ) 
charges the battery. During this time, the majority 
of the battery capacity is restored as quickly as 
possible. The bulk charge mode is terminated 
when the battery voltage reaches the over-charge 
voltage level (V oc ). 

State 3: Over-Charge 

Controlled over-charge follows bulk charging to 
restore full capacity in a minimum amount of time. 
During the over-charge period, the battery voltage 
is regulated. The initial current value equals the 
bulk charge current, and as the battery ap- 
proaches its full capacity the charge current tapers 
off. When the charge current becomes sufficiently 
low (I 0 ct)> ^e charging process is essentially fin- 
ished and the charger switches over to float 
charge. The current threshold, I 0 ct, is user pro- 
grammable and is typically equals l BULK /5. 

State 4: Float Charge 

This mode is only applicable when the battery is 
used as a backup power source. The charger will 
maintain full capacity of the battery by applying a 
temperature compensated DC voltage across its 
terminals. In the float mode, the charger will deliver 
whatever current is needed to compensate for self 
discharge and might supply the prospective load 
up to the bulk charge current level. If the primary 
power source is lost or if the load current exceeds 
the bulk current limit, the battery will supply the 
load current. When the battery voltage drops to 
90% of the desired float voltage, the operation will 
revert to the bulk charge state. 

The ultimate lead-acid battery charger will combine 
the above described four state charge algorithm, 
and particularly at higher output currents, a 
switchmode power converter. The implementation 
of a charger of this type usually requires several 
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integrated circuits. To minimize cost as well as 
complexity, a new integrated circuit had been de- 
veloped to provide as much functionality and de- 
sign flexibility as possible, while achieving these 
requirements. 

THE UC3909 BLOCK DIAGRAM 

The UC3909 Switchmode Lead-Acid Battery 
Charger controller combines the precision sensing 
and control of battery voltage and current, logic to 
sequence the charger through its various modes of 
operation, and the control and supervisory func- 
tions of a switching power supply. The integrated 
circuit comprises of two major sections. A dashed 
line shown in the middle of Figure 3 divides the 
circuit into two functional subsections. The PWM 
control circuit is commanded by the charge state 
logic depending on the condition of the battery. 

The charge state logic is shown in the lower right 
corner of the block diagram, which is composed of 
several digital gates. It sequences the charger 
through the four possible states of operation de- 
pending on the battery voltage. Information about 


the actual operating mode of the charger is also 
provided. The status information can be easily in- 
terfaced to any logic family due to the open col- 
lector structure of the outputs of pin STATO, 
ST ATI, and STATLV. (See the datasheet for de- 
tailed pin descriptions.) 

The precision voltage and current sensing circuits 
are shown in the lower left corner of the block dia- 
gram. The battery voltage is compared to the tem- 
perature compensated reference voltage by the 
voltage error amplifier and charge enable com- 
parator. Accurate sensing of the charge current is 
achieved by the uncommitted current sense ampli- 
fier, connected to the CS+, CS- and CSO pins. 
The use of this amplifier requires a low value re- 
sistor for current measurement. Output regulation 
is accomplished by the current error amplifier. Its 
inverting and noninverting inputs are connected to 
the output of the current sense and voltage error 
amplifiers through external resistors. The output of 
the current error amplifier produces the appropri- 
ate control parameter for the PWM controller. 
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The PWM control section consists of a fast com- 
parator, clock generator, latch and an open col- 
lector drive stage. The comparator circuit 
compares the output of the current error amplifier 
to the sawtooth derived from the timing capacitor 
waveform. A latch is set by the clock and reset by 
the comparator circuit in every switching cycle 
modulating the pulse width appearing at the output 
of the controller. This modulation of the output 
pulse width makes output voltage and output cur- 
rent regulation possible. 

The remaining part of the block diagram performs 
numerous housekeeping functions, such as under- 
voltage lockout, internal bias and reference gen- 
eration, temperature sensor linearization and 
compensation of the internal voltage reference 
according to the battery temperature. 


The power stage is based on a simple buck topol- 
ogy, reflecting the most common solution used in 
battery chargers today. The buck converter offers 
size reduction and high efficiency, two important 
advantages of switchmode power conversion. 
Practical output power of this converter type is 
below 500W. In the case of off-line chargers, line 
isolation can be provided by 60Hz isolation trans- 
former. For higher power levels the buck converter 
could be easily replaced by other isolated, buck 
derived topologies, like any variation of the forward 
or bridge type converters. Using one of these iso- 
lated conversion techniques will eliminate the bulky 
60Hz transformer by integrating the isolation into 
the high frequency power stage. The design pro- 
cedure, that will be presented in this Application 
Note for the buck configuration, can be easily 
adapted to the other power converters. 


UC3909 DEMONSTRATION CIRCUIT 

To illustrate the capabilities of the new controller, a 
full featured, switchmode battery charger circuit 
has been developed and built for evaluation pur- 
poses. 


The usual elements of the buck converter can be 
recognized in Figure 4. They are Q1, D2, LI and 
C5. Other components in the power stage pertain 
to additional, application specific requirements. D1 
prevents the discharge of the battery by the con- 
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trailer, when the primary power source is absent. 
An output fuse, FI, protects the circuit against the 
possible hazards when the battery is connected to 
the output terminals with reverse polarity. The 
charge current is measured by the resistor, R4 in 
the ground return path. The controller section con- 
sists of four well separable circuits. The first func- 
tional block is composed of R1, D3, Q3, and Cl. 
These components provide a stabilized voltage for 
the rest of the control circuitry. 

In the buck converter, the controlled switch, Q1, is 
located between the positive input terminal and the 
common node of the freewheeling diode, D2, and 
the output filter inductor, LI . There are many dif- 
ferent components which could be used as a 
switch, yet for efficient operation and cost consid- 
erations, an N-channel MOSFET transistor has 
been selected. To interface the floating switch to 
the ground referenced controller, a high side driver 
is inevitable. The high side driver circuit consists of 
U2, D4, D5, R2, C2, Q2, R22 and R23. Its purpose 
is to level shift the output pulse of the control 1C to 
the gate of the MOSFET transistor with minimum 
delays. 

All the functions related to properly charging the 
battery are integrated in the UC3909 controller. 
The voltage and current levels which determine the 
actual values of the cutoff, over-charge and float 
voltages, as well as the trickle, bulk and taper 
threshold currents, are scaled appropriately by the 
resistor networks around the 1C. The role of those 
components will be defined in the next chapter 
deliberating the design procedure. 

The last section is the charge state decoder circuit. 
The coded information of the two outputs of the 
UC3909 is translated by U3, to display the actual 
operating mode of the battery charger. 

BATTERY CHARGER DESIGN 

The complete schematic drawing of the four state, 
switchmode battery charger is shown in Figure 4. 
In order to expedite the paper design, an easy to 
follow design procedure has been established. The 
step by step instructions can guide even the nov- 
ice users through the calculations. 

Battery Data 

By the time the designer starts the circuit design, 


the type of the battery is already defined. The bat- 
tery selection criteria are not detailed in this Appli- 
cation Note. Nevertheless, it is worthwhile to draw 
attention to some of the circumstances influencing 
the decision. Naturally, the most important pa- 
rameters are the voltage and current requirements 
of the load as well as the time duration while the 
battery has to be able to supply the load current. 
Furthermore, the user has to consider whether the 
application requires frequent charge and discharge 
cycles or the battery is used in backup mode, 
where most of the time it will standby in its fully 
charged state. The available time for recharging 
the battery is also a significant factor to determine 
the applicable algorithm, and charge current rates. 
Combination of all these conditions will define the 
required battery and some of the battery charger 
parameters. 

Once the battery is defined we can obtain the first 
set of input data. From the battery manufacturer’s 
data sheet, more frequently through several tele- 
phone calls, and considering some application re- 
lated conditions, the lines of Table 1 can be filled 
out. 

For example, the demonstration circuit has been 
designed to charge a Dynasty JC1222 type sealed 
lead-acid battery from Johnson Controls. The 
nominal voltage is 12V, the capacity of the battery 
is 2.2Ah. Twelve volt batteries contain six cells 
connected in series. The battery has a tempera- 
ture coefficient of -3.9mV/°C. Additional input pa- 
rameters, like operating temperature range, float, 
cutoff and over-charge voltages as well as trickle, 
bulk, and over-charge terminate current levels can 
be determined from the application requirements 
and from the battery data sheet. 

The completed Battery Data section is shown in 
Table 1. The trickle current level corresponds to 
the previously explained safety considerations and 
it equals C/100. A bulk charge current value of 
800mA is given by the battery manufacturer [8] 
and is used instead of the C/2 value, noted in the 
respective equation in Table 1 . 

The over-charge period will be terminated when 
the current tapers off to one fourth of the bulk cur- 
rent. Maximum output power of the battery charger 
is listed in the last row of Table 1 . 
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Parameter 

Description 

Definition 

Value/Part# 

Battery Data 

JC1222 

V 

Nominal Battery Voltage 


12V 

NC 

Number Of Cells 

connected in series within the battery 

6 

Crate 

Battery Capacity 

use C/10 capacity; 
from battery datasheet 

2.2 Ah 

V c 

Cell Float Voltage 

@25°C, fully charged; 
from battery datasheet 

2.275V 

Vc.MAX 

Maximum Cell Voltage 

@25°C, over-charge limit; 
from battery datasheet 

2.43V 

Vc.MIN 

Minimum Cell Voltage 

@25°C, fully discharged; 
from battery datasheet 

1.75V 

Itrickle 

Trickle Charge 

Current Limit 

•trickle = 0.01-C rate ; 
typical or use battery datasheet 

22mA 

Ibulk 

Bulk Charge 

Current Limit 

•bulk = 0.5 C rate ; 

typical or use battery datasheet 

0.8A 

IoCT 

Over-Charge Terminate 
Current Threshold 

•oct = 0.25 -Ibulk ; 

typical or use battery datasheet 

0.2A 

TC 

Cell Voltage Temperature 
Coefficient 

typical value; the thermistor linearizer circuit is 
calibrated for this temperature coefficient 

-3.9 mV/°C 

Tmin 

Minimum Operating 

Battery Temperature 

refer to your application requirements 

-10°C 

Tmax 

Maximum Operating 

Battery Temperature 

refer to your application requirements 

+50°C 

Vbat 

Battery Float Voltage 

v bat - V c • NC ; 

nominal, @ 25°C battery temperature 

13.65V 

VbAT.MIN 

Minimum Battery Voltage 

V BAT,MIN = [ V C,MIN + ( T MAX ” 25 ) ' TC ] ’ NC ’ 

@ Tmax; fully discharged 

9.92V 

VbAT,MAX 

Maximum Battery Voltage 

V BAT,MAX = [ V C,MAX + ( T MIN “ 25 ) ' TC ] ' NC ’ 

@ T M|N ; fully charged 

15.40V 

PcH,MAX 

Maximum Output Power 

P CH,MAX = ’bulk ' V BAT,MAX 

12.3W 


Table 1 . Battery Charger Input Parameters 


Buck Converter Operating Conditions 

The battery charger circuit of the UC3909 is based 
on the buck topology. Before the component val- 
ues of the power stage can be calculated, the ba- 
sic operating parameters must be defined. 

The output voltage range is listed in Table 1 as 
V bat, min and V BA t,max determined primarily by the 
operating temperature range and the battery tech- 
nology. On the other hand, input voltage variation 
depends on the power source. For this particular 
example, assume a 60Hz line isolation transformer 
with the optimized step down ratio. At minimum 
line voltage, it provides 18V DC voltage after recti- 
fication. Taking into account nominal tolerances, 


the input voltage of the converter at high line con- 
dition will be approximately 30V DC. From the 
minimum and maximum values of the input and 
output voltages, the steady state duty ratio limits 
are calculated (D=0.37 ... 0.89) as shown in Table 
2 . 

At this point, the switching frequency of the con- 
verter has to be chosen. The trade-offs involved in 
the frequency selection are numerous. The pri- 
mary factors are the speed of the prospective 
semiconductors, the capabilities of the controller, 
maintaining high efficiency in wide load current 
variations, power level and the size of the output 
inductor and capacitors. 
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Parameter 

Description 

Definition 

Value/Part# 

Buck Converter Operating Parameters | 

V|N,MIN 

Minimum Input Voltage 


18V 

Vin.MAX 

Maximum Input Voltage 


30V 

fs 

Switching Frequency 


50kHz 

Vdif 

D1 Diode Forward 

Voltage Drop (estimate) 

@ 100°C with Ibulk 

0.59V 

Vd2F 

D2 Diode Forward 

Voltage Drop (estimate) 

@100°C with Ibulk 

0.73V 

Umax 

Maximum Duty Ratio 

^ _ V BAT,MAX + V D1 F + V D2F 

MAX y , y 

''IN, MIN + V D2F 

0.89 

Dmin 

Minimum Duty Ratio 

r\ V BAT,MIN + V D1F + V D2F 

U MIN- y y 

V IN,MAX + V D2F 

0.37 


Table 2. Buck Converter Operating Parameters 


For example, the upper limit of the operating fre- 
quency is bound to the capabilities of the slowest 
components. In the demonstration circuit, the high 
side gate driver circuit can be conveniently oper- 
ated up to 150kHz operating frequency. Since the 
buck converter is a hard switched topology, the 
operating frequency has a significant effect on the 
efficiency. Considering that most of the time the 
charger supplies light output load, further reduction 
of the switching frequency is desirable to maintain 
decent efficiency in this operating modes. 

While reducing the switching frequency has a 
beneficial effect on efficiency, at the same time the 
size of the output inductor and capacitors are in- 
creasing. The compromise between the size of the 
reactive circuit components and light load effi- 
ciency in trickle and float charge modes led to a 
moderate switching frequency selection of 50kHz. 

Power Stage Design 

Table 3 summarizes the design procedure of the 
power components. The bold entries shall be cop- 
ied over to the part list directly. The respective 
equations are included, and they make use of vari- 
ables defined in Table 1 and Table 2, or by the 
previous lines in Table 3. 

Semiconductors 

First, the three semiconductor devices are se- 
lected. Their voltage and current ratings are based 
on the maximum input and output voltages and on 
the bulk charge current. The minimum current rat- 
ings given in Table 3 assure appropriate margins 
for reliable operation. Using higher current compo- 
nents improves efficiency but also might increase 
cost. 


After the part number is chosen, power dissipation 
estimates are given based on the actual voltage, 
current, and device parameters. The diode D1 car- 
ries the DC output current, therefore its dissipation 
is strictly conduction loss. The other two semicon- 
ductors are part of the switching circuit, hence their 
power dissipation is calculated by adding their re- 
spective conduction and switching losses. 

Note that estimating switching losses on device 
parameters can be fairly inaccurate. This can 
cause a significant difference between the esti- 
mated and real switching losses especially at 
higher operating frequencies. 

Output Inductor 

The inductance of the output choke has been cal- 
culated by choosing the maximum ripple compo- 
nent of the inductor current. In a general purpose 
buck converter, unless extreme noise, core loss or 
application specific requirements would dictate 
otherwise, the rule of thumb is 25% to 35% of the 
DC current value is acceptable for ripple current 
content. Although battery manufacturers are con- 
cerned about using AC currents to charge the 
battery, they usually refer to frequencies below 
1kHz. The DC output current with superimposed 
AC components of the switchmode chargers, at 
considerably higher frequencies, will be averaged 
by the slow chemical processes inside the battery. 

Input Capacitor 

The value of the input energy storage capacitor 
depends on the tolerable ripple and noise voltage 
at the input of the converter, and a function of the 
hold-up requirements. It is especially important for 
AC operated chargers where the energy is avail- 
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able in 120Hz repetitions, while the output has to 
be supplied continuously. 

The situation is somewhat different if the charger is 
part of a distributed power system where an al- 
ready regulated voltage with reasonable energy 
storage capability is available for the circuit. In this 
case, the ripple current handling capability of C3, 
and the noise requirements will determine the 
value of the input capacitor. 

In Table 3, the value of the selected input capacitor 
is based on its rms current handling capability. The 
UC3909 demonstration circuit will operate properly 
when it is connected to a laboratory power supply, 
but will require a larger input capacitance in off-line 
applications. 

Output Capacitor 

There are numerous factors determining the output 
capacitor value. The various noise requirements at 
the output of the converter, the acceptable output 
voltage sag during the time interval when the ca- 
pacitor contributes to supply the load current, and 
loop stability criteria. Fortunately, for all practical 
purposes, the output capacitor of a battery charger 
loses its importance since it is connected in paral- 
lel with the battery. The battery is considered as a 
low impedance voltage source with great high fre- 
quency filtering capabilities, taking over the tradi- 
tional functions of the output capacitor. 

The output capacitor, C5 of the demonstration cir- 
cuit was chosen to handle the rms value of the 
ripple current component in the output inductor, LI 
and to provide appropriate filtering in the absence 
of the battery. 

RC Damping Circuit 

Due to the nonideal nature of the switching action 
in all hard switching topologies, excessive switch- 
ing spikes can develop across the semiconductors 
of the circuit during the switching time interval. The 
reduction of this voltage stress is accomplished by 
an RC snubber circuit consisting of R3 and C4 of 
the demonstration circuit. The complex optimiza- 
tion of the RC network is assisted by reference [6], 
Proper operation of the snubber circuit also de- 
pends on the layout and the parasitic components 
of the switching circuit. Table 3 gives two equa- 
tions to calculate the component values of R3 and 


C4 as a starting point. Further optimization of 
these component values might be desirable based 
on measurement results. 

Note, that a tight layout of the critical components 
Cl 8, Q1 and D2, and using an ultra fast rectifier 
diode are also essential to keep unwanted switch- 
ing spikes under control. 

Current Sense 

The accurate control of the output current is one of 
the most important functions of the battery 
charger. It is achieved by the UC3909 control 1C 
using average current mode control. An exact 
measurement of the current flowing in the output 
inductor, LI is required. Therefore, a low value 
current sense resistor, R4 is placed in the ground 
return path, between the anode of D2 and the 
negative electrode of the output capacitor, C5. The 
voltage developed across R4 is proportional to the 
inductor current, and used by the controller to 
regulate the trickle and bulk charge current levels 
as well as to provide current limiting during over- 
load operation. 

The value of the current sense resistor is deter- 
mined to satisfy two conditions. The first constraint 
is to limit the maximum voltage across R4 below 
350mV when full output current is delivered. This is 
required by the UC3909 to prevent the current 
sense amplifier from saturation. The second re- 
striction is the power dissipation of R4. In Table 3, 
the power dissipation of the current sense resistor 
was set to 1.5% of the maximum output power. 
This assumption was made to balance between 
two opposing requirements, namely to maintain 
high efficiency and to provide the highest signal 
level across R4, thus to improve noise immunity of 
the circuit. The maximum power dissipation equa- 
tion of R4 might have to be revised, especially in 
higher power applications, due to component rat- 
ings and efficiency considerations. 

Output Fuse 

The fuse in series with the output of the battery 
charger is intended to prevent catastrophic failure 
if the battery is connected to the charger with re- 
versed polarity. The fuse has to be selected with 
sufficient safety margin to carry the full charge cur- 
rent, but disconnect the output quickly in case of 
excessive currents drawn from the battery. 
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Parameter 

Description 

Definition 

Value/Part# 

Power Stage Design 

Vrmm (D1) 

Diode Breakdown Voltage 
(minimum) 

V RRM - 1 -5 • V BA j,MAX 

(pick the next higher standard value) 

(23.1V) 

50V 

lo.MIN (D1) 

Diode Current Rating 
(minimum) 

b.MIN =2I bulk 

1.6A 

D1 

Discharge Protection Diode 

Select general purpose diode. 

GI750CT 

Pdi 

Diode Power Dissipation 
(approximate value for 
heatsink selection) 

P D1 = I BULK • V D1F 

(assuming 100°C junction temperature) 

0.5W 

Vrmm (D2) 

Diode Breakdown Voltage 
(minimum) 

V RRM = 1 -5 • V| N MAX 

(pick the next higher standard value) 

(45V) 

50V 

lo,MIN (D2) 

Diode Current Rating 
(minimum) 

•o.min = 2 ‘ buLK 

1.6A 

D2 

Buck Freewheeling Diode 

Select ultra fast switching diode. 

MUR610 

tRR 

Diode Reverse Recovery 
Time 

catalog data; @ l BULK ; approximate value 

35ns 

Irrm 

Diode Peak Reverse 
Recovery Current 

catalog data; @ l BULK ; approximate value 

0.5A 

Pd2 

Diode Power Dissipation 
(approximate value for 
heatsink selection) 

P D2 =, BULK ( 1_D MIn)' V D2F + 

+ 0.25 • l RRM • V| N MAX • t RR • f s 

0.38W 

V dss (Q1) 

Switch Breakdown Voltage 
(minimum) 

V DSS = 1 - 5 ' V IN,MAX 

(pick the next higher standard value) 

(45V) 

50V 

Id, min (Q1) 

Transistor Current Rating 
(minimum) 

b,MIN “ 4 ' bllLK 

3.2A 

Q1 

Buck Main Switch 

Select the MOSFET transistor 

IRFZ14 

Rdson (Q1) 

Switch ON Resistance 

catalog data; @25°C, typical value 

200mQ 

Coss (Q1) 

Drain Source Capacitance 

catalog data; typical value 

160pF 

Igate 

Gate Charge/Discharge 

approximate, average value 

0.8A 

Qgs(QI) 

Gate-To-Source Charge 

catalog data 

3.1nC 

Qgd (Q1) 

Gate-To-Drain Charge 

catalog data 

5.8nC 

toFFi toN 

Approximate Switching 
Times 

+ _+ _Qgs + Qgd 

l OFF - T ON “ - 

'gate 

12ns 

Pqi 

Switch Power Dissipation 
(approximate value for 
heatsink selection) 

p qi = !bulk ' d max • r dson ‘ 1 - 5 + 

+ 0.5 • C oss • V,n M ax ' f s + 

V IN,MAxbuLK . . » f 

+ 2 UOFF + t ON +t RR) T S 

0.21 W 

Phs 

Heatsink Power Dissipation 

p hs = p di + p D2 + p qi I worst case, estimate 

1.1W 

AIl,max 

Inductor Ripple Current 

4l|_i .MAX = 0-4 • Ibulk ; typical value 

0.32A 

LI 

Buck Inductance 

L1 _ V IN,MAX 

A, L1,MAX ' 4 f S 

(0.47mH) 

0.4mH 

Ili.peak 

Inductor Peak Current 

, , , V IN,MAX 

'Ll 'PEAK “'BULK + g. L1 . fs 

1A 

LI 

Buck Filter Inductor 

Check vendor’s list for off the shelf part number 
or 

design you inductor according to the values above 

PCV-2-400-05 

(Coiltronics) 
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Parameter 

Description 

Definition 

Value/Part# 

Vc3 

Input Capacitor Voltage 
Rating 

V C3 =1 - 5 'V|n jM aX 

(pick the next higher standard value) 

(45V) 

50V 

IC3,RMS 

Input Capacitor RMS 

Current 

t3,RMS =0 - 51 bulk 
(worst case @ f s ; D=0.5) 

0.4A 

C3 

Input Capacitor 
(electrolytic) 

High frequency type, i.e. Panasonic HFQ series 
(see text for value considerations) 

680p,F/35V 

Cl 8 

High Frequency Bypass 
Capacitor For Switches 

Polypropylene or stacked metallized film. 

Minimum voltage rating equals V C 3 - 

1 p,F/63V 

Vc5 

Output Capacitor Voltage 
Rating 

V C5 = 1 -5 • V BATMAX 

(pick the next higher standard value) 

(23.1V) 

25V 

IC5,RMS 

Output Capacitor RMS 
Current 

, V IN,MAX 

' C5 ' RMS ~Vl92'fs-L1 

108mA 

C5 

Output Capacitor 
(electrolytic) 

High frequency type, i.e. Panasonic HFQ series 
(see text for value considerations) 

470pF/25V 

Rc5,ESR 

Output Capacitor’s ESR 

from datasheet 

65mQ 

PsN.MAX 

Snubber Power Dissipation 

P SN,MAX = P CH,MAX 0015 

assume 1.5% of full output power 

0.1 85W 

Vc4 

Snubber Capacitor Voltage 
Rating 

V C4 = 1.5- V )NMAX 

(pick the next higher standard value) 

(45V) 

63V 

C4 

Snubber Capacitor 
(polypropylene or metal- 
lized film) 

C4 _ 2 ' P SN,MAX 

V IN,MAX ' fe 

(pick the closest standard value) 

(8.2nF) 

10nF 

R3 

Snubber Resistor 
(noninductive) 

rr- 1 

1 6 • 7T • fg • C4 

(pick the closest standard value) 

(39.8Q) 

39Q 

Pr4,MAX 

Current Sense Resistor 
Power Dissipation 

P R4,MAX = P CH,MAX ’ 9.01 5 
assume 1 .5% of full output power 

0.1 85W 

R4 

Current Sense Resistor 
(RS) 

(noninductive) 

R4 < °' 35 AND R4 < P ^ 4 > MAX 

Li .PEAK IBULK 

(pick the next lower standard value) 

(291 mQ) 
270mfl 
(RCD type: 
RSF1B) 

FI 

Output Fuse Rating 
(fast acting type) 

I F1 = 1.25I BULK 

(pick the next higher standard value) 

(1.0A) 

1A 


Table 3. Buck Converter Power Stage Components Design Sheet 


Controller Design 

The controller design is described in Table 4. In- 
structions are organized by the functional blocks of 
the circuit. This procedure is similar to the one ex- 
plained in the power stage design. All the equa- 
tions use parameters calculated or entered in the 
previous three tables or the preceding lines of Ta- 
ble 4. 

Auxiliary Power Supply 

The purpose of this circuit is to provide a stabilized 
voltage for the gate drive 1C and for the UC3909 
controller circuits. The auxiliary voltage has to be 
higher than 7.8V, the undervoltage lockout of the 


UC3909. Furthermore, the auxiliary voltage has to 
be suitable to drive the gate of the MOSFET switch 
directly, limiting the voltage level below 18V. The 
auxiliary voltage of the demonstration circuit is 
approximately 14.5V, to satisfy both requirements 
with appropriate margins. 

The circuit configuration shown in Figure 4 as- 
sumes that the minimum input voltage is higher 
than the auxiliary voltage. In this case, R1 biases 
D3 to the zener voltage, and provide the base cur- 
rent to Q3. The auxiliary voltage will be equal to 
the zener voltage minus the base emitter voltage 
of Q3. The advantage of this solution is that the 
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controller supply current flowing through Q3, is 
independent from the input voltage. 

For completeness, it should be mentioned that 
there are other solutions to power the controller 
section of the battery charger. The actual solution 
has to take into account the operating input voltage 
range, the selected gate drive technique and the 
type of semiconductor used in place of Q1. For 
example, using a P-channel MOSFET transistor 
will require a different gate drive technique but will 
allow the user to omit the auxiliary supply and to 
power up the UC3909 directly from the input volt- 
age. Note that even in this case auxiliary power 
supply might be necessary if the maximum input 
voltage exceeds the VCC rating of the controller. 

MOSFET Gate Drive 

The gate drive circuit is based on the IR2125, High 
Voltage High Side Gate Driver integrated circuit 
from International Rectifier. The different consid- 
erations for designing the circuit are outlined in the 
IR2125 datasheet, [7], and are used in the compo- 
nent selection. The given part values are applica- 
ble for switching frequencies above 10kHz and 
limited below approximately 150kHz. Using the 
IR2125 is possible for input voltages below 500V 
due to the voltage rating of the device. 

There is one design aspect regarding the gate 
drive circuit which needs to be clarified. The 
IR2125 like all other high side driver 1C working 
with the bootstrapping principle monitors the volt- 
age across the bootstrap capacitor to ensure suffi- 
cient voltage for turning on the MOSFET transistor. 
The first pulse appears at the gate when both volt- 
ages, VCC with respect to ground and VB with 
respect to the VS pin are above their respective 
undervoltage lockout thresholds. Thus, precharg- 
ing the bootstrap capacitor, C2 is imperative to get 
the circuit initially running. During normal opera- 
tion, C2 is charged instantaneously through the 
conducting rectifier diode, D2. Conversely, at start- 
up D2 will prevent charging the bootstrap capaci- 
tor. Fortunately the problem can be solved by a 
large value resistor, R23 connected between the 
VS pin of the IR2125 and the ground of the circuit. 

Differential Output Voltage Sense 

The differential voltage sense block is optional. 
Several trade-offs will be discussed in a later 
chapter together with other practical considera- 
tions. Adding a simple operational amplifier and a 
couple of resistors provides tighter output voltage 
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regulation and remote sensing capability to the 
charger. 

The design of the differential voltage sense circuit 
has to satisfy two conditions. The gain of the am- 
plifier must be higher than the reciprocal value of 
the number of cells connected in series in the bat- 
tery. This assures that the output voltage of the 
differential amplifier is compatible with the voltages 
expected by the UC3909. A second condition is 
given in Table 4 ensures that the inputs of the dif- 
ferential amplifier stage will be kept within their 
common mode voltage range at any possible bat- 
tery voltage. The actual gain, within these two lim- 
its, can be determined by the user. 

Note that the gain of the amplifier, “A”, will be used 
in the subsequent lines of Table 4. Therefore, even 
if the differential amplifier stage is omitted, the 
value of “A” shall be made equal to 1, and used for 
the rest of the calculations. 

Housekeeping and Battery 
Temperature Sensing 

The oscillator frequency is set by C8 and R8, and 
the UC3909 datasheet contains the exact timing 
equations. In Table 4, the timing equation is al- 
ready solved for easily available capacitor values 
and for the most common frequency range. First 
the user selects the appropriate capacitor value 
based on the switching frequency defined in Table 
2. Then the value of R8 is calculated, since resis- 
tor values are available in much finer steps than 
those of the capacitors. 

In the demonstration circuit the battery tempera- 
ture variation is simulated by the RP1 potentiome- 
ter. For actual temperature compensation, it shall 
be substituted by a LI 005-5744-1 03-D1 type 
thermistor from Keystone Carbon Co. [11] or 
equivalent. Since the resistance of the thermistor 
should represent the battery temperature, it is 
usually mounted on or in the vicinity of the battery. 
To facilitate this, a two pin header, P4 is provided 
for convenient connection of the temperature sen- 
sor. 

Current Limitation 

Four resistors R9, R10, R11, and R12 program the 
three critical current levels, as defined in Table 1. 
A battery charger operates in current limited mode 
during trickle and bulk charge. The corresponding 
two current levels are the trickle current, Itrickle 
and the bulk charge current, I B ulk- A third distinct 
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current level is the taper current threshold, I 0 ct 
where the 1C will switch from over-charge to float 
charge regime. 

The accuracy of the different current levels de- 
pends on component tolerances and on some of 
the parameters of the control 1C. Tolerances of the 
external resistors can be controlled by the appro- 
priate part selection but the internal offsets and 
tolerances of the UC3909 are out of hand for the 
designer. The largest error term inside the 1C is the 
offset of the current sense amplifier. Its effect is 
especially significant in trickle charge mode and at 
low current levels when the measured current sig- 
nal is in the same order of magnitude than the in- 
put offset of the operational amplifier. For that 
reason, the initial accuracy of the trickle charge 
current limit can be in the neighborhood of ±30%. 
As the output current increases the accuracy im- 
proves rapidly and it is around ±5% at full current 
assuming 1% resistor tolerances. 

Fortunately, in the battery charger application, only 
the bulk charge current has to be controlled pre- 
cisely. The tolerances of the other two current val- 
ues might influence the transitions between the 
charge regimes but do not represent a danger to 
the battery. 

Setting The Output Voltages 

The deep discharge threshold or cutoff voltage, 
over-charge voltage and float voltage are defined 
by the resistor network of R15, R16, R17, and 
R18, connected to the feedback pin of the 
UC3909. There are two different setup possibilities 
depending on whether the differential voltage 
sense circuit is used or omitted. With differential 
sensing, the calculated value of R15 resistor is 
placed in the position marked R15A, using the sig- 
nal of the output of the operational amplifier, U4, 
for voltage regulation. In case of direct sensing of 
the output, the position R15B must be used in- 
stead. In order to provide tight tolerances of the 
three voltage levels, using 1% resistors is recom- 
mended. 

Closing The Current Loop 

“Closing the loop” is a frightening topic for many 
power supply designers. The detailed analysis of 
how to implement optimum loop compensation of 
the average current mode controller is beyond the 
scope of this Application Note. Nevertheless some 
excellent reference materials and design guide are 


listed in the Reference section of this paper [3], [4] 
and [5]. These articles cover not only the design 
criteria of the average current control loop used in 
the UC3909, but also explain the critical issues 
related to closing the voltage loop of the controller. 

Using the procedure outlined in [3], closed form 
equations can be derived for all feedback compo- 
nents and they are given in Table 4. 

Voltage Loop Compensation 

The voltage loop of the demonstration circuit is 
compensated very conservatively for stability un- 
der wide operating conditions by introducing a 
dominant, low frequency pole to the system. The 
voltage loop crossover frequency is designed to be 
around 1kHz, which will result in a quite slow re- 
sponse to fast output voltage variations. However, 
the circuit performance is still acceptable since 
battery charging does not impose severe transient 
requirements on the power supply. 

Note, that the equations given in Table 4 are suit- 
able to implement stable voltage loop compensa- 
tion but far from achieving the maximum bandwidth 
or best transient behavior. 

Charge State Decoder 

The battery charger progresses through four dif- 
ferent operating modes which are related to the 
status of the charging process and to the replaced 
capacity of the battery. This information can be 
further processed to reveal vital information about 
the condition of the battery, to estimate the re- 
maining charge time, and possibly to record the 
history of the battery. The UC3909 can signal the 
actual charge state in binary coded form on the 
STATO and STAT1 outputs. A truth table for de- 
coding the status bits is given in the datasheet. 

For the users convenience, a simple charge state 
decoder is implemented in the demonstration cir- 
cuit. The decoding function is performed by an in- 
expensive integrated circuit, U3. According to the 
STATO and STAT1 outputs of the UC3909, one of 
its outputs are activated, which will cause one of 
the four transistors of Q4 - Q7, and respective light 
emitting diodes to turn on. Each LED corresponds 
to one of the four charge states as marked on the 
printed circuit board. The resistors R6 and R5 are 
intended to set the LED currents and to reduce the 
voltage across the collector and the emitter termi- 
nals of the transistors. 
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Parameter | Description | Definition I Value/Part# 

Controller Part Values 

C6, C7, Cl 3, 
Cl 4, Cl 5, 
C16,C17 

Bypass Capacitors 

X7R monolithic ceramic capacitors. 

Minimum voltage rating 25 V. 

100nF/63V 

Auxiliary Power Supply 

D3 

Auxiliary Voltage Stabilizer 

V z = 15V; zener diode; 1W/5% 

1N4744A 

Vceo (Q3) 

Collector Emitter 

Breakdown Voltage 

V CEO = 1 5 • ( V IN,MAX “ V z) 

(select the next higher standard value) 

(22.5V) 

30V 

Q3 

Auxiliary Power Bypass 

Select general purpose NPN transistor. 

2N3904 

R1 

Zener Bias Resistor 

V IN,MIN ~ V Z 

2 • 1 0~ 3 

1.5k£2 

Pri 

Zener Bias Resistor 

Power Dissipation 

0 ( V IN,MAX -V z) 

Pri ~ ri 

0.1 5W 

Cl 

Auxiliary Power Storage 
Capacitor 

Aluminum electrolytic capacitor. 

Minimum voltage rating 25V. 

82jxF/25V 

Gate Drive 

U2 

International Rectifier 

High Voltage High Side MOS Gate Driver 

IR2125 

C2 

Bootstrap Capacitor 

Stacked metallized film capacitor. 

Minimum voltage rating 25V. 

0.15p,F/50V 

D4, D5 

Switching Signal Diodes 

Select high speed signal switching diodes. 

1N4148 

Q2 

Gate Drive Inverter 

Select small signal MOSFET transistor. 

2N7000 

R2 

Gate Resistor for Q1 


4.70 

R21, R22 

Gate Drive Pull Up Resis- 
tors 


IkQ 


Bootstrap Precharger 



R30 

Gate Pull Down Resistor 


10k£2 

Differential Voltage Sense - Optional 

U4 

National Semiconductor 

Dual Single Supply Operational Amplifier 

LM358N 

Ifb.max 

Maximum Current Through 
Feedback Resistors 


150pA 

R24, R27 

Voltage Sense Resistors 

R24 = R27= Vbat 

'FB,MAX 

91 kQ 

R28, R29 

Voltage Sense Resistors 

R28 = R29 = 0.001 • R24 

91 a 

R25, R26 

Voltage Sense Divider 

R25 = R26 = A • R24 ; 

where A must be — — <A< — — — — 

NC V BAT,MAX 

30 kQ 

A 

Gain Of Voltage Sense 
Amplifier 

R25 

A = ; A=1 if amplifier is omitted. 

R24 + R28 

0.3297 

Charger Control Section - 1C Setup - Housekeeping And Temperature Sensing 

U1 

Unitrode 

Switchmode Lead-Acid Battery Charger 1C 

UC3909N 

C8 

Timing Capacitor, CT 

fs < 25 kHz 5.6nF 

25 kHz < f s < 50 kHz 3.3nF 

50 kHz<f s < 110 kHz 1.5nF 

1 1 0 kHz < f s < 220 kHz 680pF 

1.5nF 

R8 

RSET 

Oscillator 

R8= 1 

1 .2 • C8 • f s 

IlkQ 
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Description 

Definition 

Value/Part# 

R7 

Reference Resistor For 

The 

Thermistor Linearizer 

Select 1%, low temperature coefficient type. 

10k Q. 


RP1 Thermistor Emulation Select 10 turns f 

Potentiometer (Set initial value 

Charger Control Section - 1C Setup - Current Levels 


Noncritical; use: 


Select 10 turns potentiometer for fine resolution. 
(Set initial value to 10kQ before putting it in.) 



R1 0 = 1 .8518 • l 0CT • R4 • R9 


R11 

Trickle Current Limit Set 
Resistor (RG1) 

R11= 43.4783 I tr1CKLE R4 R8 

2.7kQ 

R12 

Bulk Current Limit Set 
Resistor (RG2) 

R12 = 0p54R1 1 
•bulk R4 

6.8kQ 


Charger Control Section - 1C Setup - Voltage Levels 



Voltage Error Amplifier 
Compensation Resistor 

m3 0.625 - V inmax (R15 + R16) 

A • buLK • f S ' L1 ’ V BAT,MAX 


1+fl6-7r.f 0 -f s -L1C5 Vbatmax 

l s v INiMAX 


\ 1 + (2 -TT fo -R C 5 ,esr C5 ) 

Voltage Error Amplifier 
Compensation Capacitor 

qq _ C5 ' R C5,ESR 

R13 





CIO 

Voltage Error Amplifier 
Compensation Capacitor 

C1 0 _ 8 ‘ f s • LT C5 • V BAT MAX 
r13 ' v in,max 

47nF 

Charge State Decoder 

U3 

Motorola 

Dual Binary To 1-of-4 Decoder/Demultiplexer 

MC14555BCP 

D6, D7, 

D8, D9 

Status Indicator LED’s 

Quad green LED assembly. 

IDI 5640H5 
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Parameter 

Description 

Definition i 

Value/Part# 

Q4, Q5, 

Q6, Q7 

LED Driver Transistors 

Minimum V C eo equals Vin.max value 

2N3904 

R6 

LED Current Set Resistor 

_ _ 4.3 

R6 = 

0.01 

assuming 10 mA LED current. 

430£2 

R5 

Voltage Limiter of the LED 
Driver Transistors 

_ VlN.MIN -7 

0.01 

1.1 kto 

R19, R20 

Pull Up Resistors 

Noncritical; use: 

10kQ 


Table 4. Four State Battery Charger Controller Design Sheet 


PARTS LIST 


R1 

1.5ka 

5%, 0.25W 

The following Bill Of Material was generated from 

R2 

4 .70, 

5%, 0.25W 

the calculated part values listed in Table 3 and 4. 

R3 

39a 

5%, 0.6W metal film 

The part designators correspond to the Demon- 

R4 

270m a 5%, 1 WRCD-RSF1 B 

stration Board component positions. 

R5 

i.i ka 

5%, 0.25W 




R6 

430 a 

5%, 0.25W 

Cl 

82pF, 25V 

electrolytic 

R7 

10kQ 

5%, 0.25W 

C2 

0.1 5pF 50V 

met.film / polypropylene 

R8 

iik a 

5%, 0.25W 

C3 

680jlxF 35V 

electrolytic 

R9 

100kn 

5%, 0.25W 

C4 

10nF 50V 

met.film / polypropylene 

R10 

iok a 

5%, 0.25W 

C5 

470pF 25V 

electrolytic 

R11 

2.7k a 

5%, 0.25W 

C6 

0.1 pF 50V 

ceramic 

R12 

6.8kQ 

5%, 0.25W 

C7 

O.IjllF 50V 

ceramic 

R13 

91 0k^ 

5%, 0.25W 

C8 

1.5nF 50V 

ceramic 

R14 

3.3k a 

5%, 0.25W 

C9 

33pF 50V 

ceramic 

R15A 

iik a 

1%, 0.25W 

CIO 

47nF 50V 

ceramic 

R16 

6 . 2 k a 

1%, 0.25W 

C11 

10nF 50V 

ceramic 

R17 

18kQ 

1%, 0.25W 

C12 

I.OnF 50V 

ceramic 

R18 

130k£2 

1%, 0.25W 

C13 

0.1 pF 50V 

ceramic 

R19 

iok a 

5%, 0.25W 

C14 

0.1 pF 50V 

ceramic 

R20 

10k£2 

5%, 0.25W 

C15 

0.1 pF 50V 

ceramic 

R21 

ika 

5%, 0.25W 

C16 

O.IjllF 50V 

ceramic 

R22 

ik a 

5%, 0.25W 

C17 

0.1 (iF 50V 

ceramic 

R23 

IkQ 

5%, 0.25W 

C18 

1 .OpF 63V 

met.film / polypropylene 

R24 

91 ka 

1%, 0.25W 

D1 

GI750CT 

100V, 6A, general 

R25 

30kQ 

1%, 0.25W 

D2 

MUR610CT 

100V, 6A, ultrafast 

R26 

30kQ 

1%, 0.25W 

D3 

1 N4744A 

15V, 1 W zener 

R27 

91 k^ 

1%, 0.25W 

D4 

1N4148 

75V, 200mA, switching 

R28 

91 a 

5%, 0.25W 

D5 

1N4148 

75 V, 200mA, switching 

R29 

91 a 

5%, 0.25W 

D6-D9 

L20355 

LED assembly, IDI 

R30 

io ka 

5%, 0.25W 

LI 

375jnH 4A 

Coilcraft 

RP1 

50k a 

0.25W 1 0 turns potentiometer 

Q1 

IRFZ14 

60V, 10A, NMOS 

U1 

UC3909N Battery Charger 

Q2 

2N7000 

60V, 500mA, NMOS 



Controller 

Q3 

2 N 3904 

40V, 200mA, NPN 

U2 

IR2125 

High Side Driver 

Q4 

2N3904 

40V, 200mA, NPN 

U3 

MC14555BCP Binary to 1-of-4 

Q5 

2N3904 

40V, 200mA, NPN 



Decoder 

Q6 

2N3904 

40V, 200mA, NPN 

U4 

LM358N Operational Amplifier 

Q7 

2N3904 

40V, 200mA, NPN 
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MEASUREMENT RESULTS 

Checking Out The Circuit 

To safely bring the circuit into operation, the fol- 
lowing precautions shall be exercised to prevent 
catastrophic failures at the first turn on. Use sock- 
ets for all integrated circuits and do not plug them 
in until the auxiliary power supply is checked. 

All voltages given in the rest of this chapter are 
with respect to circuit ground unless otherwise 
noted. 

Step 1 . 

Connect the input of the circuit to your DC power 
source. Increase the input voltage slowly up to the 
minimum input voltage value used in Table 2. 
Check the auxiliary supply voltage at the test point, 
TP21 . The correct value should be 0.7V less than 
the V z voltage listed in Table 4, approximately 
14.3V for this example. The same voltage should 
be measured at pin 4 of U4, pin 1 of U2 and pin 8 
of U4 integrated circuits. When all voltages are 
correct, remove the input power. 

Step 2. 

Install U1, and connect the input voltage again. 
Measure the reference voltage of the UC3909. The 
correct voltage on pin 2 (TP2) is 5V. Next, check 
the oscillator. Measure and compare the timing 
capacitor and output waveforms, TP 19 and TP5 
respectively, to the oscillogram shown in Figure 5. 



Figure 5. T race 1 : Timing Capacitor Waveform; T race 
2: OUT pin of UC3909 

Compare the operating frequency to the expected 
value listed in Table 2. Disconnect the input volt- 
age. 


Step 3. 

Populate the remaining of the 1C sockets, by in- 
stalling U2, U3, and U4 integrated circuits. Con- 
nect a resistive load to the output terminals. The 
load resistor shall be calculated as: 


- L,unu j 

* OCT 

Slowly raise the input voltage of the circuit while 
continuously monitoring the output voltage. The 
output voltage shall increase together with the in- 
put voltage until the output equals the float voltage, 
V BAT . For further increases of the input voltage, the 
output should be regulated at the float charge volt- 
age. If the output is not regulating, stop increasing 
the input voltage. Check the component values in 
the feedback divider, and the operating conditions 
of the UC3909. Convenient test points are pro- 
vided in the demonstration board, for easy access 
to the pins of the integrated controller. The de- 
scriptions and typical voltages of the individual pins 
are included in the datasheet of the UC3909. 

Step 4. 

Once the output voltage is stabilized, check the 
switching waveforms of the converter. Typical 
waveforms of gate drive (U2/pin2), Q1 drain cur- 
rent, TP24, and the output inductor current, meas- 
ured at full load, are shown in Figure 6. 



Figure 6. Switching waveforms of the converter: 
Trace 1: OUT pin; Trace 2: I Q1 (lA/div); Trace 3: TP24; 
Trace 4: l L (0.5A/div) 


Step 5. 

The final test of the circuit is to check the bulk 
charge current limit, the float and over-charge volt- 
age levels. The load resistor defined in step 2 en- 
sures float mode operation of the charger. Note the 
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float voltage then gradually increase the load cur- 
rent until the charger reverts to bulk charge mode. 
At this point the output current should be equal to 
I bulk- By slowly reducing the load current, the 
charger will sequence to the next state, over- 
charging. In this mode of operation the output volt- 
age equals to Vbat.max, the over-charge voltage. 
Verify the numbers against the values in Table 1 . 

Charge Characteristic 

The ultimate test of the circuit is to charge a bat- 
tery. The demonstration circuit has been designed 
to charge a 12V, 2.2Ah sealed lead-acid battery. 
During the charge cycle, the battery voltage and 
current, and the displayed operating states have 
been recorded. The result is shown in Figure 7. 



Figure 7. JC1222 Charge Characteristic 

The chart shows the change of the battery voltage 
and charge current as a function of time and the 
exact values of the characteristic parameters. As 
can be seen, the charger started with trickle 
charge mode. When the battery voltage reached 
the cutoff voltage, the charger switched over to 
bulk charging. The sharp peak in the battery volt- 
age at the switch over is caused by the high inter- 
nal impedance of the battery. The majority of the 
battery capacity is replenished in about two hours 
in bulk charge mode. Bulk charge is followed by 
the controlled over-charge of the battery. Note that 
the over-charge LED is turned on before the volt- 
age loop is satisfied because the threshold of the 
voltage sense comparator is intentionally set 5% 
below the reference of the voltage error amplifier. 
This way, the turn on of the over-charge LED coin- 
cides with the onset of the chemical over-charge 
process indicated by the gradient change in the 
voltage curve. The battery charging process con- 
cludes in float mode when the current tapers off to 
near zero. 


Efficiency 

The efficiency of a converter is usually measured 
as a function of load current at a fixed output volt- 
age and at different input voltages. While this 
method is really informative in DC-to-DC applica- 
tions, it is very difficult to assess the efficiency of a 
battery charger this way. Since the load current 
and the output voltage of the converter vary con- 
tinuously during charging, one single efficiency 
number carries very little information about the 
circuit. 

To demonstrate the effect, three different efficiency 
graphs are given below. The first one shows the 
effect of the output voltage variation on the effi- 
ciency. The second one is the traditional efficiency 
chart at a fixed output voltage. 



Figure 8. Efficiency vs. Output Voltage 



Figure 9. Efficiency vs. Load Current 
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Figure 10 . Efficiency vs. Time During Battery 
Charging 

The third one presents the efficiencies during the 
entire charge cycle and the calculated average 
efficiency of the battery charger. 

The typical efficiency of the demonstration circuit 
at full load with resistive load is 80%. This figure is 
useful for heatsink selection, and for comparison 
purposes. 

PRACTICAL CONSIDERATIONS 
Current Sense Issues 

One of the most critical decisions of the design is 
how and where to sense the current in the con- 
verter. Using current mode control mandates 
sensing the current during the on-time of the 
switch Q1. In addition, when precise control of the 
output current is necessary, knowing the exact 
output current is inescapable. The output current 
of the buck converter equals the output inductor 
current, leaving very little choice to the designer. 
There are only two locations in the circuit, where 
the inductor current can be sensed accurately. 



Figure 11 . High side current sense technique 


One possibility is the so called high side sensing, 
where the current sense resistor is placed in series 
with the output inductor as shown in Figure 1 1 . For 
reliable operation it is important to put the resistor 
at the output capacitor side of the inductor, to 
avoid having a large switching component added 
to the inherently small current sense signal. Even 
with this precaution taken into account, the signal 
sits on top of a large common mode DC voltage 
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(appr. Vbat) which represents a problem for the 
current sense amplifier. 

The amplifier has a limited Common Mode Input 
Voltage Range and a finite Common Mode Rejec- 
tion Ratio which both confine its capability and its 
precision when the measured signal contains a 
significant common mode component. To illustrate 
the problem, look at the demonstration circuit. 

When the battery is close to its fully charged state 
the current signal is superimposed on a 16V DC 
signal. At the same time, the supply voltage of the 
UC3909 is approximately 14.5V. In this case the 
Common Mode Input Voltage Range of the current 
sense amplifier is exceeded and the current infor- 
mation is either lost or erroneous. The problem 
could be addressed by providing a higher supply 
voltage for the controller but, since VCC is also 
limited, the problem is just shifted to a higher volt- 
age level. 

The other difficulty, related to the finite Common 
Mode Rejection Ratio, arises at light load. Even if 
the current signal is kept within the common mode 
input voltage range sensing small differential volt- 
ages are difficult. For instance, the bulk current of 
the battery charger causes the maximum allowable 
350mV voltage drop across the current sense re- 
sistor. The trickle charge current is 1% of that cur- 
rent providing only 3.5mV useful signal for the 
amplifier. Assume that the output voltage is 10V 
and the CMRR of the current sense circuit is 
60dB. There will be two components determining 
the output voltage of the amplifier. The amplified 
current signal, 17.5mV, is added to a lOmV error 
signal, developed from the 10V common mode 
components, present at the inverting and nonin- 
verting inputs of the current sense amplifier. As 
demonstrated, the error caused by the common 
mode component is rather significant, it is in the 
order of 35%. 

The other possibility to monitor the inductor current 
is in the ground return path, as it is done in the 
demonstration circuit. This solution eliminates both 
problems related to the common mode properties 
of the amplifier since one end of the current sense 
resistor is actually grounded. The disadvantage of 
this technique is that the input and output grounds 
of the charger are not the same potential any 
more. 

The low side current sensing offers two places for 
grounding the controller. The GND pin of the 
UC3909 can be connected either to the output side 
of the current sense resistor, or to its node com- 
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mon to the input of the buck regulator. When the 
1C is grounded at the output side, the output volt- 
age is regulated perfectly. On the other hand the 
supply current of the UC3909 has to flow through 
the current sense resistor causing an error in the 
current measurement. The ICC of the controller 
has a wide tolerance which made the design of the 
trickle charge current very inaccurate. 

Finally, the solution used in the demonstration cir- 
cuit grounds the controller to the input side of the 
current sense resistor. It gives the best result to 
closely control the currents from no load to full cur- 
rent. The only factor influencing the accuracy of 
the current measurement is the input offset voltage 
of the current sense amplifier. 

Until now, the effect of the current sense amplifier 
was neglected. Note that this offset is not specific 
to the low side sensing technique, and it would 
have further deteriorated the accuracy of any pre- 
viously mentioned current sense method. 

The current sense amplifier of the UC3909 pos- 
sesses a 15mV maximum input offset voltage. This 
15mV is comparable to the current signal in trickle 
charge mode. This explains the rather loose toler- 
ance of the trickle charge current limit, mentioned 
earlier in the design chapter. 

Although this approach exhibits the optimum prop- 
erties to control the output current, it introduced a 
problem for the voltage regulation. Since the 
regulated voltage appears between the positive 
output terminal and the circuit ground, the output of 
the battery charger is not tightly controlled. The 
error is caused by the voltage drop across R4, 
proportional to the output current. At full current, at 
the beginning of the over-charge period the output 
voltage will be 350mV lower than the calculated 
over-charge voltage level, and as the current ta- 
pers off the error is diminishing. In float charge 
mode the output current, hence the voltage devia- 
tion from the designed value is negligible. 

Differential Voltage Sense Advantages 

By using the two inputs of the differential amplifier 
stage, the output voltage can be regulated be- 
tween any two points of the output, independently 
from the grounding of the controller. When the two 
inputs are connected to the solder joints of the 
output connector, the effect of resistive voltage 
drops across the current sense resistor and on the 


printed circuit board traces can be eliminated. 
Furthermore, the user can compensate for the ex- 
ternal voltage drop on the wiring between the out- 
put of the charger and the battery nodes using the 
two remote sense connections. 

Driving A P-channel MOSFET Switch 

The demonstration circuit takes advantage of the 
lower cost and better efficiency of an N-channel 
MOSFET. However, using a P-channel transistor 
can also be accomplished easily. Figure 12 shows 
a possible implementation of the P-channel 
MOSFET switch, driven by the UC3909. 
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Figure 12. P-channel MOSFET Drive 

The disadvantage of this technique is the relatively 
high power loss in the level shift circuit. The 
switching speed of the high side P-channel 
MOSFET is determined by the two series resistors 
connected to the output of the controller. To 
achieve acceptable turn-off speed the resistor val- 
ues can not be increased. Therefore, the losses 
are especially high at elevated input voltages and 
at higher switching frequencies. 

Skipping The Trickle Charge Mode 

Depending on the battery type and the application, 
the trickle charge mode might not be necessary. 
Particularly, the new lead-acid batteries built from 
pure lead plates can accept full charge current 
from the beginning of the charge cycle. This re- 
quirement can be effortlessly accommodated by 
the UC3909 as shown in Figure 13. 


3-445 



APPLICATION NOTE 


U-155 



Figure 13. Inhibiting The Trickle Charge Mode 


The trickle charge mode is inhibited when the 
CHGENB pin is connected to the VLOGIC pin of 
the 1C. In this case, the charger will deliver full cur- 
rent, independently from the initial voltage of the 
battery, until it sequences to over-charge. 

Soft-Start 

Particularly when the trickle charge mode is elimi- 
nated, soft-start of the converter might be desir- 
able. Usually, closed loop soft-start is achieved by 
gradually increasing the reference voltage of the 
voltage error amplifier. Open loop soft-start can be 
implemented by clamping the output of the voltage 
error amplifier. None of these practices are useful 
in the battery charger circuit for two reasons. The 
first obstacle is that the temperature compensated 
reference of the error amplifier is not available for 
external manipulations. The second problem is that 
the battery is already connected at turn on. 

Since the battery is discharged at the beginning of 
the charging process, the voltage error amplifier is 
saturated and the converter operates in current 
limited mode. Therefore, soft-start can be intro- 
duced only in the current control loop. In general 
purpose buck converters this would result in output 
voltage overshoot during start-up, but with the 
battery connected to the output, this problem does 
not exist. The following circuit, shown in Figure 14 
can be added to provide a simple soft-start solution 
for the battery charger. 

The output current of the buck converter will ramp 
up gradually to the full bulk current value according 
to the RC time constant in Figure 14. This solution 
requires extreme cautions to ensure that pre- 
charging of the bootstrap capacitor is accom- 
plished well before the charging of the soft-start 
capacitor is complete. 



Figure 14. Soft-Start Of The UC3909 


Eliminate Float Charge 

The majority of the applications use the lead-acid 
batteries as backup power sources. In case of 
losing the primary power source, the system relies 
on the availability of the entire battery capacity. 
The float mode operation of the battery charger is 
intended to ensure that the battery is in its fully 
charged state during the stand by period. 

As was mentioned earlier, finding the appropriate 
float voltage is critical to maintain 100% capacity of 
the battery. An easy way to avoid the problems 
related to float charge is to terminate the charging 
process upon completion of the over-charge proc- 
ess. 


RSET 

OSC 

UC3909 

STATLV 

CHGENB 


VA- 

GND 
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Figure 15. Disabling Float Charge State 
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Figure 16. Implementing The Timed Charge Method 


The solution shown in Figure 15 eliminates the 
float mode operation by disabling the oscillator. 
The advantage of this approach is that the 1C will 
recover to bulk charge mode automatically if the 
battery voltage drops 10% below its nominal float 
voltage value. 

Note that there are numerous other applications 
which also do not require float charging the bat- 
teries. For instance, batteries in hand held tools 
and portable equipment are recharged quickly 
while the primary power source is available, but do 
not employ float mode operation. 

Incorporating Timed Algorithms 

The constant voltage charge of the lead-acid bat- 
teries necessitates combining voltage monitoring 
and time measurement. It requires applying con- 
stant output voltage across the battery terminals 
for a certain time interval. Although the UC3909 is 
not optimized for these algorithms, the circuit dia- 
gram in Figure 16 shows how to combine the timer 
with the controller. 

Off-line Configurations 

Very often battery chargers are operated from the 
AC line. Figure 17 shows line isolation with a 60Hz 
transformer. This technique provides a low cost, 


competitive solution for low power applications. 
Furthermore, it can be advantageous for medium 
power, stationary applications because of its sim- 
plicity. 



Down Transformer 

At higher output power, or in portable applications, 
the 60Hz isolation transformers become bulky. In 
this situation, line isolation is frequently obtained in 
the switchmode power stage. The forward con- 
verter, shown in Figure 18 is the isolated version of 
the buck topology. The components of the demon- 
stration circuit can be easily recognized in the 
schematic drawing. 
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SUMMARY 

This Application Note introduced the UC3909 
Switchmode Lead-Acid Battery Charger controller 
in detail. A step-by-step design procedure of a 
buck converter, optimized for battery charger ap- 
plications has been derived. Complete part list, 
and measurement results of the demonstration 
circuit complements the paper. Useful practical 
considerations are also given to help better under- 
standing the various trade-offs involved in the 
battery charger design. 

ADDITIONAL SUPPORT 

Unitrode offers additional support to your battery 
charger project. The Appendix contains the Math- 
Cad® design file used to perform all calculations 
for Table 1 - 4. In addition, a printed circuit board 
of the fully functional battery charger circuit, useful 
upto 4A of continuos charge current is available for 
further evaluation. 

For more information on the UC3909 Switchmode 
Lead-Acid Battery Charger controller or to order 
the demonstration circuit, please contact your Uni- 
trode representative or the factory directly at (603) 
424-2410. 
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APPENDIX 

This MathCad file calculates the parameters and part values of the 
UC3909 Switchmode Lead-Acid Battery Charger demonstration circuit. 

NOTES: 

- names ending to an "E" (i.e. R1E) are results of the respective calculations and they require 
manual entry of standard component values before continuing the calculations. 

TABLE 1. 

Input parameters: 


NC =6 
Cr : = 2.2 
Vc : = 2.275 
Vcmax 2.43 
Vcmin := 1.75 
It : = 0 


lb : = 0.8 


Io : = 0 

TC = 0.0039 
Tmin : = - 10 
Tmax : = 50 


Number of cells connected in series within the battery. 

Capacity of the battery. 

Cell float voltage at 25°C. 

Maximum cell voltage during controlled over-charge at 25°C. 

Minimum cell voltage at full discharge on 25°C. 

Trickle charge current. Enter the data from the battery datasheet 
or 0 for the default value (ltrickle=0.01*Cr). 

Bulk charge current. Enter the data from the battery datasheet 
or 0 for the default value (lbulk=0.5*Cr). 

Over-charge taper current threshold. Enter the data from the 
battery datasheet or 0 for the default value (loct=0.25*lbulk). 
Battery Temperature coefficient. 

Minimum operating temperature of the battery. 

Maximum operating temperature of the battery. 


Equations: 


Calculated paprameters: 


Itrickle : = if(It=0,0.01-Cr Jt) 

Ibulk : = if ( Ib=0,0.4-Cr,Ib) 

Ioct : = if(lo=0, 0.25- Ibulk Jo) 

Vbat : = Vc-NC 

Vbatmin : = (Vcmin + (Tmax- 25)-TC)-NC 
Vbatmax := (Vcmax +- (Tmin - 25)-TC)-NC 
Pchmax : = Vbatmax -Ibulk 


Itrickle = 0.022 
Ibulk =0.8 
Ioct = 0.2 
Vbat = 13.65 
Vbatmin =9.915 
Vbatmax = 15.399 
Pchmax = 12.319 
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TABLE 2. 


Input parameters: 

Vinmin : - 1 8 
Vinmax := 30 


fs : = 50000 
Vdlf =0.59 


Vd2f : = 0.73 


Minimum input voltage of the battery charger. 

Maximum input voltage of the battery charger. 
Switching frequency of the converter. 

Forward voltage drop of D1 at Ibulk and 100°C junction 
temperature. 

Forward voltage drop of D2 at Ibulk and 100°C junction 
temperature. 


Equations: 


Calculated paprameters: 


Dmax : = 


Vbatmax^ Vdlf + Vd2f 
Vinmin -t- Vd2f 


Dmin 


Vbatmin + Vdlf + Vd2f 
Vinmax Vd2f 


Dmax =0.893 


Dmin = 0.366 


TABLE 3. 

Input parameters: 

trr =35- 10 9 
Irrm : = 0.5 
Rdson =0.2 
Coss := 160- 10" 12 
Igate : = 0.8 
Qgs =3.1-10 9 
Qgd : = 5.8- 1 0 9 


Reverse recovery time of D2 at Ibulk (estimate). 
Peak reverse recovery current of D2 (estimate). 
Channel resistance of Q1 at 25°C (the catalog data). 
Q1 drain source capacitance. 

Average gate current during turning on and off Q1 . 
Gate-to-source charge of Q1 . 

Gate-to-drain charge of Q1 . 


Equations: 

V rmmD 1 =1.5- Vbatmax 
IminDl : = 2-Ibulk 
Pdl : = Ibulk- Vdlf 
VrmmD2 := 1.5- Vinmax 
IminD2 : = 2 -Ibulk 


Calculated paprameters: 

VrmmDl =23.099 
IminDl =1.6 
Pdl =0.472 
VrmmD2 = 45 
IminD2 = 1.6 
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Pd2 : = Ibulk-( 1 - Dmin)-Vd2f +- 0.25-Irrm-Vinmax-trr fs 
VdssQl : = 1.5-Vinmax 
Idmin : = 4- Ibulk 


Pd2 =0.377 
VdssQl =45 
Idmin =3.2 


tonoff:= QgS + Qgd 
Igate 

Pql ( Ibulk ) 2 - Dmax- Rdson- 1 .5 + 0.5-Coss-( Vinmax) 2 -fs+ Vlnmax Ibulk 


Phs : = Pdl -i- Pd2 + Pql 
dimax =0.4 Ibulk 


LIE : = 


Vinmax 

4-dImax-fs 


LIE =4.687*10 4 


tonoff = 1.113*10 8 

-(2-tonoff-h trr>fs 
Pql =0.209 
Phs = 1.058 
dimax = 0.32 

Ll : = 40010" 6 


ILlpeak : = Ibulk +- 


Vinmax 


8-Ll-fs 


Vc3 := 1.5-Vinmax 

Ic3rms : = 0.5 -Ibulk 

Vc5 := 1.5-Vbatmax 

T _ Vinmax 

Ic5rms : = — — — 

^192-fs-Ll 
Psn : = 0.015-Pchmax 
Vc4 := 1.5-Vinmax 
2-Psn 


C4E : = 


(Vinmax) -fs 
1 


R3E : = 

16-TC-fs-C4 

Pr4max : = 0.015-Pchmax 
0.35 


R4E1 : = - 


ILlpeak 


R4E1 =0.354 


R4E : = if( R4E1 >R4E2 , R4E2 , R4E1 ) 
Pr4rated : = (Ibulk) 2 - R4-5 


C4E = 8.21 3* lO” 9 

R3E= 39.789 


R4E2 := Pr4max 
(Ibulk) 2 

R4E= 0.289 


ILlpeak =0.988 

Vc3 =45 
Ic3rms =0.4 
Vc5 =23.099 

Ic5rms =0.108 

Psn =0.185 
Vc4 =45 

C4 := 10-10 9 


R3 -39 


Pr4max =0.185 
R4E2= 0.289 


R4:=0.27 
Pr4rated =0.864 


Ifl := 1.25 -Ibulk 


Ifl =1 
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TABLE 4. 


Input parameters: 

Vref : = 2.3 
Vlogic : = 5 
Vz : = 15 

Ifbmax : 150- 10 6 

Ae : = — 

91 

C8 := 1.5-10 9 
C5 : = 470- 10 6 
Rc5esr : 65- 10' 3 
R9:=10010 3 
fO ;= 1000 


Internal reference voltage of the UC3909. 

The voltage on the VLOGIC pin of the UC3909. 

Zener voltage of D3. 

Maximum current of the voltage feedback divider. This current 
always loads the battery. 

Guess value of the gain (A) of the voltage sense amplifier. 

Timing capacitor value. 

Output capacitor value. 

Equivalent series resistance of the output capacitor, C5. 

Free parameter. 

Voltage loop cross-over frequency. 


Equations: 


Calculated paprameters: 


VceoQ3 := 1.5(Vinmax- Vz) VceoQ3 =22.5 


Vinmin-Vz 

Rib ; 

0.002 

R1E = 1.5* 10 3 

R1 := 1500 

2 

p r l (Vinmax- Vz) 

R1 


Prl =0.15 

R24E : Vbat 

Ifbmax 

R24E =9.1* 10 4 

R24 :-9M0 3 

R28 : = 0.001 R24 


R28 =91 

R25E AeR24 

R25E = 3* 1 0 4 

R25 : = 30-10 3 

a R25 

R24 -+- R28 


A =0.329 

R8E 1 

1.2-C8-fs 

R8E = 1.111* 10 4 

R8 =11000 

R10E : 1.8518Toct-R4*R9 

R10E = 1*1 0 4 

R10 =10000 

R11E : 43 .4783- Itrickle* R4- R8 

R1 IE = 2.841- 10 3 

Rll =2700 

R12E:=°- 54R11 

IbulkR4 

R12E =6.75-10 3 

R12 =6800 


3-453 


APPLICATION NOTE 


U-155 


R15E : = Vcmax 


Vcmin- A- NC- Vref 


R16E : = 


R17E : 


R18E : = 


R14E : = 


C12E : 


Ifbmax -Vcmin 

Vref Vcmax - Vcmin 
Ifbmax Vcmin 

Vref Vcmax-A-NC- Vref 
Ifbmax Vc-A-NC-Vref 

Vref Vcmax-A-NC - Vref 
Ifbmax (Vcmax - Vc)-A-NC 

0.28-fs-Ll Rll 

Vbatmax-t- Vdlf-f Vd2f R4 

1 


2-7t-fs-R14 
Cll := 10-C12 


R13E : = 


0.625 -Vinmax 
A- Ibulk- fs- L 1 * Vbatmax 


R15E = 1.072* 10 4 


R16E = 5.958* 10 


R17E = 1.747* 10 


R18E = 1.252* 10 J 


R14E = 3.349* 10 


C12E =9.646*10 


1+- 16nf0fsLlC5 


Vbatmax 

Vinmax 


R15 := 11000 


R16 : = 6200 


R17 := 18000 


R18 := 130000 


R14 -3300 


C12 := 1000-10" 


Cll =1*10 


-•(R15 R16) 


1 (2-7t-fO-Rc5esr*C5) 



R13E = 9.466* 10 5 

R13 : = 91010 3 

C9E:= C5Rc5esr 

R13 

C9E= 3.357- Iff 11 

C9 =33- 10’ 12 

C5* Vbatmax . T , 

C10E : -8-fs-Ll 

R1 3- Vinmax 

C10E= 4.242* 10“ 8 

CIO : = 4710 9 

R6E:= Vlogic - 0J 

0.01 

R6E = 430 

R6 =430 

D „,_ Vinmin- 7 

0.01 

R5E = 1.1*10 3 

R5 := 1100 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMCK, NH 03054 
TEL. (603) 424-241 0 • FAX (603) 424-3460 


12 


3-454 



UISIITRODE 


UNITRODE CORPORATION 


APPLICATION NOTE U-168 


Implementing A Practical Off-line Lithium-Ion Charger Using The UCC3809 Primary Side 
Controller and The UCC3956 Battery Charger Controller 


Introduction 

A primary goal in the design of any portable elec- 
tronic device is to make the product as small and 
lightweight as possible. When the device is pow- 
ered by a rechargeable battery, a means of charg- 
ing the battery from the AC line must be provided. 
Although battery charging is often thought of as a 
secondary function, the proper implementation of a 
charging system can ultimately determine the suc- 
cess of a product. 

Off-line charger designs are often based on the 
use of a 60 Hz transformer; the magnetic is used to 
provide isolation and transform the line voltage to a 
lower level. The transformer’s output voltage is rec- 
tified and fed into a DC/DC converter which pro- 
vides charge current to the battery. Although this 
design approach is inherently simple, it can be 
bulky even at low power levels. 

A steel 60Hz transformer used to deliver 1 0 watts, 
for example, weighs 0.5 pounds and occupies 5 
cubic inches of volume. In contrast, a ferrite trans- 
former at the same power level, operated at a 
100kHz switching frequency, weighs only 0.02 
pounds and has a volume of 0.25 cubic inches. 


This 20:1 reduction in size will allow the charger to 
reside in the portable device in most instances. 

This paper will describe a 120VAC off-line charger 
that is based on a two series cell Lithium-Ion pack 
with a 1200mA hour capacity rating. The design 
described here can be modified to address differ- 
ent line and pack voltages. The paper will address 
the recommended charge algorithm for the pack, 
primary and secondary circuitry design, feedback 
loop compensation, and magnetic design for the 
converter. 

Four-State Charge Algorithm for 
Lithium- Ion Batteries 

Lithium-Ion batteries are becoming popular in port- 
able and lap-top applications because of their su- 
perior energy density with respect to both weight 
and volume. Lithium-Ion batteries have higher cell 
voltages than the Nickel based chemistries they 
are replacing, averaging 3.6V per Lithium-Ion cell. 
Lithium-Ion batteries have safety concerns, how- 
ever, and unique characteristics that require a 
dedicated charging algorithm. Figure 1 depicts the 
recommended fast charge algorithm for the two cell 
Lithium-Ion pack. 
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Figure 1. Recommended Charge Profile for Two Cell Lithium-Ion Battery Pack 


Trickle State (tO-tl) 

If the battery pack’s voltage is below 5 volts, the 
pack is severely depleted and near zero capacity. 
Since the possibility of a shorted cell exists, the 
charger should not deliver full current to the bat- 
tery. A reduced C/10 charge current of 120mA is 
applied to the cells in an attempt to safely restore 
capacity. In most cases, the battery will have some 
initial capacity and the charger will begin operation 
in the constant current state. 

Constant Current State (t1-t2) 

When the pack is above the 5 volt threshold, a con- 
stant current or “bulk” charge period will restore 
about 80% capacity to the cells. The current level 
of the charger will be set at 1 .2A, corresponding to 
a 1 C charge rate. The time period of the constant 
current state will depend on the battery’s initial ca- 
pacity. 

Constant Voltage State (t2-t3) 

When the pack reaches its final voltage (t2), con- 
stant voltage control is initiated, causing the bat- 
tery current to decrease. Because Lithium-Ion 
batteries have safety concerns associated with the 
over-charging of cells, a timed constant voltage pe- 
riod is preferred by battery manufacturers^. The 
constant voltage period will regulate the pack to 
8.2 volts (1% tolerance) for a duration of 2 hours. 


The timed constant voltage state will predictably 
restore the battery to 100% capacity. 

Idle State 

Once the timer expires (t3), the charge current to 
the pack is terminated and the fully charged pack 
is ready for use. The charger electronics will stay 
powered in the idle state, awaiting the start of a 
new charge cycle. 

Design Overview 

Figures 2 and 7 show a complete schematic for the 
2 cell off-line charger. Since the peak output power 
of the charger is only 10 Watts, a flyback topology 
has been selected, requiring only a single mag- 
netic component. The charger provides 3000 volts 
of isolation between the input line and battery in or- 
der to protect the user. This rating is determined by 
the optocoupler’s pin spacing and transformer’s in- 
sulation. 

The primary side circuitry controls the peak current 
in the flyback transformer, while the average cur- 
rent delivered to the battery during the various 
charge states is programmed by the secondary 
side circuitry. An optocoupler is used to transfer the 
control signal from secondary to primary. The 
charger is designed to operate with discontinuous 
current, eliminating the need for slope compensa- 
tion. 
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Figure 2. Primary Side Circuitry 


Primary “Line” Side Operation 

The charger operates off of a 120 volt line with a 
10 percent tolerance. As shown in Figure 2, the 
line voltage is rectified and filtered by Cl to provide 
a DC voltage that can vary between 1 30 and 1 90 
volts (depending on line and load conditions). The 
amount of 120Hz ripple at Cl is a function of the 


capacitance value selected and the power level of 
the charger* 3 ). A 33pF capacitor results in a maxi- 
mum ripple of 15V at 10 Watts. Peak voltage 
stress on Q1 is equal to the sum of the maximum 
input voltage (190V), the maximum secondary volt- 
age reflected by the turns ratio (9V x 10 = 90V), 
and the voltage spike created by leakage induc- 
tance in the transformer. A dissipative snubber 
(R11 & Cl 4), limits the leakage spike to 100V. A 
500V MOSFET (IRF820) was selected for Q1. Fig- 
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Figure 3. Q1 and D7 waveforms at Full and Light Loads 

ure 3 shows the voltage on the drain of Q1 at full ues connected to the RT1 and RT2 pins, while the 


and light loads, along with primary and secondary 
currents. 

When line voltage is initially applied to the charger, 
power is supplied to the primary controller through 
R8 and an internal 1 7V zener. A bootstrap winding 
on the flyback transformer provides additional sup- 
ply current to C8 through D3 once the converter 
powers up. The amount of supply energy needed 
for the primary side circuitry is primarily a function 
of the MOSFET’s capacitance. With a switching 
frequency of 100kHz, a supply current of 15mA is 
sufficient. 

Unitrode’s UCC3809< 4 > provides peak current con- 
trol for the charger. Peak current control has the 
advantage of providing pulse by pulse short circuit 
protection in the event the output is shorted at the 
battery. The frequency of operation (100kHz) and 
maximum duty cycle are set by the component val- 



SS pin sets a soft-start period. 

Referring to figure 4, at the beginning of a switch- 
ing cycle Q1 is turned on and current ramps up in 
the primary winding of the transformer. This current 



Figure 4. UCC3809 Peak Current Mode Control 
on Primary 



Figure 5. Light Load Operation (A), Full Load Operation (B) 
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forms a voltage across the current sense resistor 
(R7). The secondary side circuitry sets a DC volt- 
age level at the emitter of the optocoupler (Vopto) 
that is used to control peak current ; when Vopto is 
decreased peak current will increase. The two volt- 
ages are summed into the FB pin of the primary 
controller through resistors R5 and R6. The FB pin 


is internally connected to the non-inverting input of 
a precision comparator, whose output turns Q1 off 
(via the OUT pin) when FB reaches 1 volt. 

Switch Qd, internal to the UCC3809, pulls the FB 
pin low when the OUT pin is low. With Q1 off, fly- 
back current is forced out of the secondary winding 



Figure 6. Secondary Side Circuitry 


and delivered to the battery. Figure 5 shows the 
operating voltages at the emitter of the optocoupler 
and the FB pin at light load and full load respec- 
tively, along with primary current. 

Secondary Side Operation 

Secondary side control is provided by Unitrode’s 
UCC3956 Lithium-Ion charger controller. The 1C 


contains a precision 4.1V reference, an overcharge 
timer, and the control circuits necessary to imple- 
ment the recommended charge profile of Figure 1 . 
The controller has two status pins (STATO, STAT1) 
which indicate the various states of the charger. A 
block diagram of the UCC3956 controller 1C is 
shown if Figure 7 for reference. 
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J STAT1 
1 STATO 


jj OUT 
1 GND 


CS+ CS- IBAT IMIN 


Figure 7. UCC3956 Lithium-Ion Control 1C 


The complete secondary side schematic for the 
charger is shown in Figure 6. Secondary current is 
sensed through R25, which is Kelvin connected to 
a current sense amplifier at pins CS- and CS+. 

Programming the Trickle State. Referring to Fig- 
ure 6, resistors R9, RIO, R12, and R23 set the 
threshold voltage for trickle charge state at 5.0V 
(CHGEN pin). 

R9 + R10 + R12+R23^ onc (1) 
''TRICKLE ~ n n •2.05 


When the battery voltage is below this level, the 
controller’s voltage amplifier output (VAO) is put 
into a high impedance state. The average battery 
current is programmed to 120mA by a resistive di- 
vider between R20 (connected to Vref) and R18 
(connected to the output of the current sense am- 
plifier at IBAT). The external error amplifier pro- 
duces the appropriate command signal, which is 
transferred across the optocoupler to the primary. 


Trickle - 


2.05 • f?18 
5 • R20 • R25 


(Amps) 


( 2 ) 


Programming the Constant Current “ Bulk ” 
State. When battery voltage is between 5.0 and 
8.20 volts, the constant current state is activated 
and the voltage amplifier is internally clamped to 
4.1 volts. The average battery current is set at 
1.2A by a resistive divider, R18 and R13 between 
the output of the current sense amplifier and the 
voltage amplifier. 


2.05 • R^S 
5 • f?1 3 • R25 


(Amps) 


(3) 


Programming the Constant Voltage State. The 

resistor divider used to set the trickle threshold, 
also sets the final pack voltage to 8.20 volts at the 
VA- pin. 


v FINAL 


R9 + R10 + R12 + R23 
R9 + R10 


• 2.05 


(4) 


During the overcharge state, the voltage amplifier 
comes into regulation and its output voltage de- 
creases, causing the average battery current to de- 
crease. The overcharge timer period is 
programmed to 2 hours with a 0.1 8pF capacitor on 
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the CTO pin. When the charger completes the con- 
stant voltage state, a MOSFET in series with the 
battery is opened, preventing additional charge to 
the battery. 

Timeout = 4500 *f?1 7 • Cl 0 (min) (5) 

Keeping the Charger Powered. In order to keep 
the charger powered and intelligent during all 
modes of operation, a capacitor (C21) and dummy 
load (R32) are added across the output of the fly- 
back secondary. When the charger is in the idle 
state (or when the battery is out of the charger) the 
controller regulates the dummy load to 8.2V plus a 
diode drop. An additional diode (D4), prevents the 
pack from discharging in the event the charger is 
unplugged from the line. An auxiliary winding, simi- 
lar to the winding on the primary circuit, is used to 
power the secondary controller. An 18V Zener 
(DIO) assures the controller’s maximum voltage 
specification is not exceeded. 

Controller Modifications 

The UCC3956 is designed to be a stand-alone 
controller for a DC to DC buck converter, certain 
modifications are needed to accommodate the off- 
line flyback design. 

1 . Since the MOSFET Q1 is driven by the primary 
side controller, the PWM output pin (OUT) of 
the UCC3956 is not connected. 

2. The controller’s error amplifier (CA) is replaced 
with an external LM358 Op-Amp (U4:B). This 
modification is necessary since the UCC3956 
disables its error amplifier when the charger is 
in the idle state and the off-line charger needs 
the amplifier to keep the dummy load in regula- 
tion. 

3. The second Op-Amp in the LM358 package 
(U4:A) is configured as a comparator, which in- 
terfaces between a momentary push button 
switch, the CHG pin, and the MOSFET (Q2) in 
series with the battery pack as shown in Fig- 
ure 8a. The momentary push switch (SI) is 
used to initiate a charge cycle. When SI is 
closed, R21 and Cl 3 provide a slowly rising 
voltage at the CHG pin as shown in the timing 
waveforms of Figure 8b. At time tl , the com- 
parator turns Q2 on before the CHG pin recog- 
nizes a new charge cycle at time (t 2 ). This 
allows time for the output voltage (Vout) to col- 
lapse from the idle state voltage (8.5V) to the 
uncharged battery voltage, preventing the con- 
stant voltage state timer from being initiated 


prematurely. The charger then progresses 
through its normal charge algorithm pro- 
grammed with the UCC3956 (t 3 -t 4 ). At the 
completion of the charge cycle (ts), the CHG 
pin pulls low, Q2 is opened, and the charge 



Figure 8a. CHG Pin Interface 

current to the battery is terminated. The 
charger then waits in the idle state for the ini- 
tiation of a new charge cycle. 
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CHARGE INITIATION 


CHARGE TERMINATION 



Figure 8b. CHG Pin Waveforms 


Feedback Design 

Figure 9 depicts the key elements that form the 
feedback network for the charger. 

Referring to Figure 9, the battery current is sensed 
across R25 and amplified by the current sense 
amplifier. This signal is averaged by the error 
amplifier, and fed across the isolation barrier 
through the optocoupler circuit. The resulting volt- 
age at the output of the optocoupler sets the peak 
current in the transformer primary. During the 
trickle and bulk charge states, the current loop 
takes exclusive control of the charger. 

When the battery voltage approaches its final pro- 
grammed value, the voltage amplifier comes into 
regulation and begins to reduce the current to the 
battery. The voltage loop maintains the battery volt- 
age at 8.2V during the constant voltage period of 
operation. The voltage loop also regulates the 
dummy load voltage when the charger resides in 
the idle state. 

dosing the Current Loop 

A peak current control technique on the primary re- 
sults in an uncompensated current loop gain that is 


essentially constant out to half the switching fre- 
quency. Referring to Figure 9, (and assuming 
equal values for R5 and R6) the small signal gain 
of the uncompensated current loop is determined 
by the primary sense resistor (1/R7), the trans- 
former turns ratio (N), and the current sense ampli- 
fier circuit (5 • R25). Since the converter is run in 
discontinuous conduction mode, the gain is also a 
function of load. With the battery at 6 volts and 1 .2 
amps of bulk current, the current loop has a meas- 
ured power stage gain of 4db. During trickle and 
overcharge periods, this loop gain is reduced as 
the current to the battery is reduced. 

The optocoupler circuit adds an additional 5db of 
gain (R4/R19) to the power stage. The optocoupler 
has a pole around 50kHz, but this has minimal ef- 
fect on phase margin, as the compensated current 
loop will cross unity gain at a much lower fre- 
quency. 

As shown in Figure 9, the error amplifier is fed from 
the voltage and current sense amplifiers. When 
calculating the small signal gain of the current loop, 
the voltage amplifier output can be viewed as a DC 
source. 
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Single pole compensation (-20dB/decade) is 
added to the error amplifier to provide good dy- 
namic response and stable operation. The gain of 
the error amplifier is equal to the impedance of the 
feedback capacitor Cl 2 divided by R18. With Cl 2 
equal to 4700pF and R18 equal to 15K, the result- 
ing cross over frequency is 2kHz (Figure 10, Error 
Amplifier). Adding the 9db of gain from the power 
stage and the optocoupler circuit (Figure 10. PWR 
+ OPTO), the total current loop gain crosses unity 
gain around 6kHz (Figure 10. Total Loop). 



Figure 10. Current Loop Feedback 


Adding the Voltage Loop 

The gain of the voltage loop consists of the closed 
current loop gain 1/(5*R25) multiplied by the effec- 
tive impedance of the output* 6 ). The voltage amplifi- 
er’s effect on the current loop is attenuated by the 
Thevenin network [R18/(R18+R13)]. 

Although an accurate frequency model for a bat- 
tery can be complex, the frequency characteristics 
of the 2 cell pack can be approximated as a con- 
stant gain out to 200Hz with a single pole roll-off 
above 200Hz. When the charger is in the idle state, 
C31 and R32 form a single pole frequency re- 
sponse at 1Hz. Figure 11A depicts the uncompen- 
sated frequency responses of the battery and 
dummy load voltage loops. 

Interactions with the current loop are avoided by 
designing the total voltage loop to cross unity gain 
around 500Hz. The frequency characteristics of the 
voltage amplifier’s pole-zero-pole compensation 
network (R31, Cl 1 , C20) are shown in figure 11B. 
A low frequency pole gives a high gain at DC to 
produce an accurate final pack voltage. A zero is 
added near 20Hz to prevent the loop phase from 
reaching 180 degrees. A final pole is added near 
1kHz to provide a high frequency noise filter. 
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FREQUENCY 


FREQUENCY 


Figure 1 1. Voltage Feedback, (a) uncompensated voltage loop, (b) voltage amplifier compensation 


Transformer Design 

The first step in the design of the transformer is to 
determine the proper cross sectional area of the 
ferrite core The required cross sectional area 
(Ac) of the core is based on the number of turns 
(N) and the maximum flux density (Bmax) allowed 
before saturation. 

Vin • 1~on = 4x1 0 4 • B max • A c • N (6) 

According to Gauss’ Law (equation 6) this occurs 
when the product of input voltage (Vin) and on-time 
(Tqn) is at a maximum. The required winding area 
(Aw) of the bobbin is determined from the wire 
gauge and number of turns for the various wind- 
ings. Since wire losses are resistive, RMS current 
should be used when calculating current density in 
the wires. An EDF20 core set made by Phillips pro- 
vides adequate core and winding areas for the fly- 
back transformer. The transformer has a small 
footprint, measuring 20mm per side. Coiltronics 
(407-241-7876) provided a custom transformer for 
the charger [Part Number - CTX08 13959]. 

Minimum inductance values are required on the 
primary and secondary windings, to assure that 
the charger always operates with discontinuous 
current. These inductance values are achieved by 
adding the proper air gap to the center leg of the 


flyback transformer’s core. The Coiltronics trans- 
former is gapped to give 165mH per 1000 turns 
(A|_). The transformer primary has 70 turns giving 
800pH of primary inductance. The secondary in- 
ductance is related to the primary by 1/N 2 , giving 
8jiH of secondary inductance. Figure 12 illustrates 
the current in the flyback transformer during a 
switching period. 

The charger operates at 100kHz, leaving lOjiSec 
(Tperiod) for the primary inductance to charge to a 
peak current and the secondary inductance to dis- 
charge into the load. The converter approaches 
continuous current conduction when the input volt- 
age and the battery voltage are at a minimum and 
when the converter is in the bulk charge state. In 
this state, the pack has a minimum of 5 volts and 
the transformer secondary will be clamped to 5V 
plus two diode drops during discharge 
(Vdischarge)- For an average battery current of 
1.2A, the peak secondary current and discharge 
time can be determined by solving equation 7 and 
equation 8. 

The secondary peak current is calculated to be 4A 
with a corresponding discharge time of 5.6pS. With 
1 30V DC on the input capacitor, the maximum on- 
time is calculated to be 2.6pS. This leaves 1 .8pS of 
discontinuous current margin for component varia- 
tions. 


1 BATTERY _AVERAGE 


' DISCHARGE 




'PEAK SECONDARY 


PERIOD 


(7) 


Discharge *7 discharge secondary * i peak_secondary 


(8) 
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Figure 12. Flyback Transformer Current 


Summary 

A high frequency off-line battery charger has been 
presented that offers a compact and lightweight so- 
lution when compared to a design based on a 
60Hz transformer. By using dedicated ICs, parts 
count is minimized, increasing system reliability 
and reducing cost. The charger incorporates all of 
the features necessary to assure safety, long life, 
and rapid charging for Lithium-Ion cells. The final 
board measurements are shown in figure 13 along 


with component placement. A parts list for the 
charger is given in Table 1 . 
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Table 1. Charger Parts List 


Reference 

Designator 

Description 

Manufacturer 

Part Number 

Cl 

33fiF, 250V Aluminum Electrolytic Capacitor 

Panasonic 

ECA-2EM330 

C2, C5, C6, C7, C9, 
C22 

0.1 fiF, ceramic chip cap, 1206 package 



C3 

120pF, ceramic chip cap, 1206 package 



C4 

lOOOpF, ceramic chip cap, 1206 package 



C8 

IOjiF, tantalum capacitor, C case size 



CIO 

0.18(iF, ceramic chip cap, 1206 package 



C11 

2200pF, ceramic chip cap, 1206 package 



C12 

4700pF, ceramic chip cap, 1206 package 



C13 

2.2jliF, tantalum capacitor, 



C14 

IOOiiF, 500V Mica Capacitor 



C19 

22|iF, tantalum capacitor, 



C21 

lOOOjiF, 16V Aluminum Electrolytic Capacitor 

Panasonic 

ECE-A1CU102 

D1 ,D3, D8, D9 

General purpose diode, mini-melf package 

Digikey 

DL4148MSCT 

D2, D5 

SMD LEDs, 1206 package 



D4, D7 

3A Schottky Diodes 

General Instruments 

SK34 

D6 

5 V, 500mW, zener diode 



DIO 

18V zener diode 



Q1 

Surface mount 400V Mosfet 

International Rectifier 

IRF720S 

Q2 

Surface mount 55V Mosfet 

International Rectifier 

IRFR1205 

R1, R9, R23, R14, 
R16 

10.0k, SMT resistor, 1206 package 



R2, R28, R29 

2.87k, SMT resistor, 1206 package 



R3 

10O, SMT resistor, 1206 package 



R4 

274 LI, SMT resistor, 1 206 package 



R5, R6, R24 

2.2k, SMT resistor, 1206 package 



R7 

2.20, 1W surface mount 

Digikey 

P2.2UCT 

R8 

100k, 1W axial 



RIO, R12 

2.2k, SMT resistor, 1206 package 



R11 

750£2, 1W axial 



R15, R18 

15k, SMT resistor, 1206 package 



R17 

1 62k, SMT resistor, 1 206 package 



R19, R27 

1 500, SMT resistor, 1 206 package 



R20, R22 

500k, SMT resistor, 1206 package 



R13,R21 

50k, SMT resistor, 1206 package 



R25 

0.10, 1 W surface mount 



R32 

1500, 1W axial 
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Table 1. Charger Parts List (continued) 


SI 

Momentary push switch, SMT 



T1 

CTX08, 1 3959-X5 

Coiltronics 


U1 

UCC3954 in 20 pin SOIC package 

Unitrode 


U2 

Diode Bridge 




UNITRODE CORPORATION 
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Battery Capacity-Monitoring ICs Selection Guide 


y n 

Unitrode's Gas Gauge ICs measure the available charge, calculate self-discharge, and communicate the available 
charge of a battery pack over a serial port or by directly driving an LED display. 

> Accurate measurement of available charge for nickel > Serial port or direct LED display for remaining 

cadmium, nickel metal-hydride, lithium ion, lead-acid battery capacity indication 

batteries, and primary lithium 

> Designed for battery-pack integration 

> 1 50pA or less typical operating current 

currents 


> Available capacity is compensated for 
charge/discharge rate and temperature 

> Accurately measures across a wide range of 


Battery 

Technology 

Approximate 

Pack 

Capacity 

(mAh) 

Communication 

Interface 

Additional 

Key 

Features 

Pins / 
Package 

Part 

Number 

Page 

Number 

NiCd/NiMH 

800-5000 

1-wire DQ 

5 or 6 LED outputs 

16/SOIC 

bq2010 

4-3 

Slow-charge control 

16/SOIC 

bq2012 

4-81 

External charge-control support 

16/SOIC 

bq2014 

4-123 

1-wire HDQ 

Register-compatible with bq2050H 

16/SOIC 

bq2014H+ 

4-149 

NiCd 

800-2000 

1-wire DQ 

See bq201 1 Family Selection 
Guide on page 4-2 

16/SOIC 

bq201 1 
bq201 1 J 
bq201 1 K 

4-24, 

4-45, 

4-63 

NiCd/NiMH/ 
Lead Acid 

2000- 

10,000 

1-wire HDQ 

Programmable offset and load 
compensation 

16/SOIC 

bq2013H 

4-103 

Li-Ion 

800-5000 

1-wire DQ 

Remaining power (Wh) indication 

16/SOIC 

bq2050 

4-215 

1-wire HDQ 

Register-compatible with bq2014H 

16/SOIC 

bq2050H 

4-237 

Primary 

Lithium 

800- 

15,000 

1-wire HDQ 

Programmable discharge 
efficiency compensation 

16/SOIC 

bq2052+ 

4-259 

NiCd/NiMH 
Lead Acid/ 
Li-Ion 

800- 

10,000 

2-wire 

SMBus 

SBS rev. 1 .0-compliant 

16/SOIC 

bq2040 

4-185 

SBS rev. 0.95-compliant 

16/SOIC 

bq2092 

4-314 

SBS rev. 1 .0-compliant with 5 
LEDs 

16/SOIC 

bq2945 

4-340 

2- wire 
SMBus or 
1-wire 
HDQ16 

SBS rev. 1 . 1 -compliant 

28 / SSOP 

bq2060+ 

4-276 

Any 

Any 

1-wire HDQ 

Analog peripheral for pG 

8 / SOIC or 
TSSOP 

bq2018 

4-170 


+ New Product 
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bq2011 Family Selection Guide 


The bq201 1 Gas Gauge ICs provide accurate capacity monitoring of rechargeable batteries in high discharge rate 
environments. The ICs can monitor a wide range of charge/discharge currents using the onboard V-to-F converter 
and a low-value sense resistor. The ICs track remaining capacity (NAC) and compensate it for battery self-discharge, 
charge/discharge rate, and temperature. Five LEDs can communicate remaining capacity in 20% increments. A serial 
port allows a host microcontroller to access the nonvolatile memory registers containing battery capacity, voltage, 
temperature, and other critical parameters. 


> 

Accurate measurement of available charge in 
rechargeable batteries 

> 

Automatic charge self-discharge and discharge 
compensation 

> 

Designed for NiCd high discharge rate applications 

> 

Low operating current 

> 

Drives 5 LEDs for capacity indication 

> 

16-pin narrow SOIC 




Part Number 


Feature 

bq2011 

bq2011 J 

bq2011K 

Display 

Relative or absolute 

Absolute 

Absolute 

Programmed Full Count 
(PFC) range 

4.5-1 0.5m Vh 

2.21-3.81 mVh 

2.21-3.81 mVh 

Nominal Available 

Capacity (NAC) on reset 

NAC = 0 

NAC = PFC or 0 

NAC = PFC or 0 

Self-discharge rate 

NAC/80 

NAC/80 or disabled 

NAC/80 or disabled 

Charge compensation 

75-95% based on rate 
and temperature 

65-95% based on rate 
and temperature 

70-95% based on rate 
and temperature 

Discharge compensation 

75-100% plus tempera- 
ture compensation 

75-100% plus tempera- 
ture compensation 

100% 

End-of-discharge voltage 

0.9V/cell 

0.9V/cell 

0.96-1. 16V/cell 

Page number 

4-24 

4-45 

4-63 
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Features 

> Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

>- Designed for battery pack inte- 
gration 

- 120jjA typical standby current 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

>■ Integrate within a system or as a 
stand-alone device 

- Display capacity via single- 
wire serial communication 
port or direct drive of LEDs 

> Measurements compensated for 
current and temperature 

> Self-discharge compensation us- 
ing internal temperature sensor 

>* Accurate measurements across a 
wide range of current (> 500:1) 

> 16-pin narrow SOIC 


bq201 0 

Gas Gauge 1C 


General Description 

The bq2010 Gas Gauge IC is intended 
for battery-pack or in-system installa- 
tion to maintain an accurate record of 
a battery's available charge. The IC 
monitors a voltage drop across a 
sense resistor connected in series be- 
tween the negative battery terminal 
and ground to determine charge and 
discharge activity of the battery 

NiMH and NiCd battery self-dis- 
charge is estimated based on an inter- 
nal timer and temperature sensor. 
Compensations for battery tempera- 
ture and rate of charge or discharge 
are applied to the charge, discharge, 
and self-discharge calculations to pro- 
vide available charge information 
across a wide range of operating con- 
ditions. Battery capacity is automati- 
cally recalibrated, or “learned,” in the 
course of a discharge cycle from full to 
empty. 

Nominal available charge may be 
directly indicated using a five- or 
six-segment LED display. These seg- 
ments are used to indicate graphi- 
cally the nominal available charge. 


The bq2010 supports a simple 
single-line bidirectional serial link to 
an external processor (common 
ground). The bq2010 outputs battery 
information in response to external 
commands over the serial link. 

The bq2010 may operate directly 
from 3 or 4 cells. With the REF out- 
put and an external transistor, a sim- 
ple, inexpensive regulator can be built 
to provide V cc across a greater 
number of cells. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, battery status, and programming 
pin settings. To support subassembly 
testing, the outputs may also be con- 
trolled. The external processor may 
also overwrite some of the bq2010 
gas gauge data registers. 


Pin Connections 







LCOM [2 

1 

16 

m vcc 

SEG1/PROG1 Q 

2 

15 

Z2 REF 

SEG2/PROG2 \Z 

3 

14 

~Z\ NC 

SEG3/PROG3 \z 

4 

13 

Z\ DQ 

SEG4/PROG4 \Z_ 

5 

12 

Zi EMPTY 

SEG5/PROG5 \z 

6 

11 

□ SB 

SEG6/PROG 6 C 

7 

10 

I] DISP 

vssC 

8 

9 

Z\ SR 

16-Pin Narrow SOIC 



PN201001.eps 
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Pin Names 


LOOM 

SEGi/PROGi 

SEG 2 /PROG 2 

SE Gg/PRO G3 

SEG4/PROG4 

SEG 5 /PROG 5 

SE G0/PRO Gq 


LED common output 

LED segment 1/ 
program 1 input 

LED segment 2/ 
program 2 input 

LED segment 3/ 
program 3 input 

LED segment 4/ 
program 4 input 

LED segment 5/ 
program 5 input 

LED segment 6/ 
program 6 input 


REF 

Voltage reference output 

NC 

No connect 

DQ 

Serial communications 
input/output 

EMPTY 

Empty battery indicator 
output 

SB 

Battery sense input 

DISP 

Display control input 

SR 

Sense resistor input 

Vcc 

3.0-6.5V 

V ss 

System ground 
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Pin Descriptions 

LOOM LED common output 

Open-drain output switches V cc to source 
current for the LEDs. The switch is off dur- 
ing initialization to allow reading of the soft 
pull-up or pull-down program resistors. 
LOOM is also high impedance when the dis- 
play is off. 

SEG X - LED display segment outputs (dual func- 

SEG 6 tion with PROG,-PROG 6 ) 

Each output may activate an LED to sink 
the current sourced from LOOM. 

PROGj- Programmed full count selection inputs 
PROG 2 (dual function with SEGx-SEG 2 ) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Gas gauge rate selection inputs (dual 
PROG4 function with SEG3-SEG4) 

These three-level input pins define the scale 
factor described in Table 2. 

PROG5 Self-discharge rate selection (dual func- 
tion with SEG 5 ) 

This three-level input pin defines the 
selfdischarge compensation rate shown in Ta- 
ble 1. 

PROG 6 Display mode selection (dual function 
with SEG 6 ) 

This three-level pin defines the display op- 
eration shown in Table 1. 

NC No connect 


SR Sense resistor input 

The voltage drop (V SR ) across the sense re- 
sistor R s is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the high side of 
the sense resistor. V SR < Vss indicates dis- 
charge, and V SR > V ss indicates charge. The 
effective voltage drop, V SR0 , as seen by the 
bq2010 is V SR + V os (see Table 5). 

DISP Display control input 

DISP high disables the LED display. DISP 
tied to V cc allows PROGx to connect directly 
to V cc or V ss inste ad of t hrough a pull-up or 
pull-down resistor. DISP floating allows the 
LED display to be active during discharge or 
charge if the NAC registers u pdate at a rate 
equivalent to | Vsro I - 4mV. DISP low acti- 
vates the display. See Table 1. 

SB Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resis- 
tive divider network for end-of-discharge 
voltage (EDV) thresholds, maximum charge 
voltage (MCV), and battery removed. 

EMPTY Battery empty output 

This open-drain output becomes high-impedance 
on detection of a valid end-of-discharge voltage 
(Vedvf) and is low following the next application 
of a valid charge. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 

General Operation 

The bq2010 determines battery capacity by monitoring 
the amount of charge input to or removed from a re- 
chargeable battery. The bq2010 measures discharge and 
charge currents, estimates self-discharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and charge/discharge rates. The 
charge measurement derives from monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and ground. The available bat- 
tery charge is determined by monitoring this voltage over 
time and correcting the measurement for the environ- 
mental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2010 using the LED display capability as a charge- 
state indicator. The bq2010 can be configured to display 
capacity in either a relative or an absolute display mode. 

The relative display mode uses the last measured dis- 
charge capacity of the battery as the battery “full” refer- 
ence. The absolute display mode uses the programmed 
full count (PFC) as the full reference, forcing each seg- 
ment of the display to represent a fixed amount of 
charge. A push-button display feature is available for 

momentarily enabling the LED display. 

: 

The bq2010 monitors the charge and discharge currents 

as a voltage across a sense resistor (see R s in Figure 1). .1 

A filter between the negative battery terminal and the f ^ 

SR pin may be required if the rate of change of the bat- 
tery current is too great. 



The value of R1 depends on the number of cells. 

Programming resistors (6 max.) and ESD-protection diodes are not shown. 


R-C on SR may be required, application-specific. 


FG201001.eps 


Figure 1. Battery Pack Application Diagram — LED Display 
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Voltage Thresholds 

In conjunction with monitoring V SR for charge/discharge 
currents, the bq2010 monitors the single-cell battery 
potential through the SB pin. The single-cell voltage 
potential is determined through a resistor/divider net- 
work according to the following equation: 

Hi = N - 1 
RB 2 

where N is the number of cells, RBj^ is connected to the 
positive battery terminal, and RB 2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). EDV threshold 
levels are used to determine when the battery has 
reached an “empty” state, and the MCV threshold is used 
for fault detection during charging. 

Two EDV thresholds for the bq2010 are fixed at: 

V E dvi (early warning) = 1.05V 

Vedvf (empty) = 0.95V 

If V SB is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, indepen- 
dent of V SB , until the next valid charge. EDV 
monitoring may be disabled under certain conditions as 
described in the next paragraph. 

During discharge and charge, the bq2010 monitors V SR 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if V SR < -250mV typical and resumes y 2 second 
after V SR > -250mV. 

EMPTY Output 

The EMPTY output switches to high impedance when 
Vg B < V E dvf an d remains latched until a valid charge 
occurs. The bq2010 also monitors V SB relative to V MCV , 
2.25V. V SB falling from above V MCV resets the device. 

Reset 

The bq2010 recognizes a valid battery whenever V SB is 
greater than 0.1V typical. V SB rising from below 0.25V 
or falling from above 2.25V resets the device. Reset can 
also be accomplished with a command over the serial 
port as described in the Reset Register section. 

Temperature 

The bq2010 internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 
compensations, self-discharge counting, and available 


charge display translation. The temperature range is 
available over the serial port in 10°C increments as 
shown below: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2010 measures the voltage differential between 
the SR and V ss pins. V os (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (SB and V cc ) should be placed as 
close as possible to the SB and V cc pins, respectively, 
and their paths to V ss should be as short as possible. 
A high-quality ceramic capacitor of O.ljif is 
recommended for V cc . 

■ The sense resistor capacitor should be placed as close 
as possible to the SR pin. 

■ The sense resistor (Rsns) should be as close as 
possible to the bq2010. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2010. The bq2010 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2010 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the Programmed 
Full Count (PFC) shown in Table 2. Until LMD is updated, 
NAC counts up to but not beyond this threshold during 
subsequent charges. This approach allows the gas gauge to 
be charger-independent and compatible with any type of 
charge regime. 


1. Last Measured Discharge (LMD) or learned 
battery capacity: 


2 . 


LMD is the last measured discharge capacity of the 
battery. On initialization (application of V cc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a ca- 
pacity transfer from the DCR to the LMD register. 
The LMD also serves as the 100% reference thresh- 
old used by the relative display mode. 

Programmed Full Count (PFC) or initial bat- 
tery capacity: 


m m 


The initial LMD and gas gauge rate values are pro- 
grammed by using PROG 1 -PROG 4 . The PFC also 
provides the 100% reference for the absolute dis- 
play mode. The bq2010 is configured for a given ap- 
plication by selecting a PFC value from Table 2. 
The correct PFC may be determined by multiplying 
the rated battery capacity in mAh by the sense re- 
sistor value: 


Battery capacity (mAh) * sense resistor (Q) = 
PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity for absolute mode provides capacity above the 
full reference for much of the battery's life. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 


Discharged Qualified Register 

(LMD) Transfer (DCR) 


Temperature 

Translation 


p— Temperature Step, 
Other Data 


Chip-Controlled Serial 

Available Charge Port 

LED Display 


Figure 2. Operational Overview 
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Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.K2 

Number of cells = 6 

Capacity = 2200mAh, NiCd battery 

Current range = 50mA to 2A 

Absolute display mode 

Serial port only 

Self-discharge = % 4 

Voltage drop over sense resistor = 5mV to 200mV 
Therefore: 

2200mAh * 0.1LL = 220mVh 


Select: 

PFC = 33792 counts or 211mVh 

PROGx = float 

PROG 2 = float 

PROG 3 = float 

PROG4 = low 

PROG5 = float 

PROG 6 = float 


The initial full battery capacity is 211mVh 
(2110mAh) until the bq2010 “learns” a new capac- 
ity with a qualified discharge from full to EDV1. 


Table 1. bq2010 Programming 


Pin 

Connection 

prog 5 

Self-Discharge Rate 

prog 6 

Display Mode 

DISP 

Display State 

H 

Disabled 

Absolute 

NAC = PFC on reset 

LED disabled 

Z 

NA %4 

Absolute 

NAC = 0 on reset 

LED-enabled on discharge or charge 
when equivalent | V SR0 1 ^ 4mV 

L 

NAC /47 

Relative 

NAC = 0 on reset 

LED on 


Note: PROG5 and PROG 6 states are independent. 


Table 2. bq2010 Programmed Full Count mVh Selections 


PROG x 

Pro- 

grammed 

Full 

Count 

(PFC) 

PROG 4 = L 

PROG 4 = Z 

Units 

1 

2 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

- 

- 


Scale = 

1/80 

Scale = 
1/160 

Scale = 
1/320 

Scale = 
1/640 

Scale = 
1/1280 

Scale = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

Z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

VSR equivalent to 2 
counts/sec. (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum 
value of LMD and down during discharge and 
self-discharge to 0. NAC is reset to 0 on initializa- 
tion (PROG 6 = Z or low) and on the first valid charge 
following discharge to EDV1. NAC is set to PFC on 
initialization if PROG 6 = high. To prevent over- 
statement of charge during periods of overcharge, 
NAC stops incrementing when NAC = LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge in- 
crement the DCR. After NAC = 0, only discharge 
increments the DCR. The DCR resets to 0 when 
NAC = LMD. The DCR does not roll over but stops 
counting when it reaches ffffh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to V EDV1 if: 

No valid charge initiations (charges greater than 
256 NAC counts, where V SR0 > V SR q) occurred 
during the period between NAC = LMD and EDV1 
detected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is > 0°C when the EDV1 level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a positive voltage on 
the V SR input. If charge activity is detected, the bq2010 
increments NAC at a rate proportional to V SR0 and, if en- 
abled, activates an LED display if the rate is equivalent to 
Vsro > 4mV. Charge actions increment the NAC after 
compensation for charge rate and temperature. 

The bq2010 determines charge activity sustained at a 
continuous rate equivalent to Vg R0 > V SR q. A valid 
charge equates to sustained charge activity greater than 
256 NAC counts. Once a valid charge is detected, charge 
counting continues until Vsro (V sr + V os ) falls below 
Vsro- V SR q is a programmable threshold as described in 
the Digital Magnitude Filter section. The default value 
for V SRQ is 3 75(i V. 


Discharge Counting 

All discharge counts where Vsro < V SRD cause the NAC 
register to decrement and the DCR to increment. Ex- 
ceeding the fast discharge threshold (FDQ) if the rate is 
equivalent to V SR0 < -4mV activates the display, if en- 
abled. The display becomes inactive after V SR0 rises 
above -4mV. V SRD is a programmable threshold as 
described in the Digital Magnitude Filter section. The 
default value for V SRD is -300jnV. 

Self-Discharge Estimation 

The bq2010 continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tempera- 
ture. The self-discharge count rate is programmed to be a 
nominal y 64 * NAC, y 47 * NAC per day, or disabled as se- 
lected by PROG 5 . This is the rate for a battery whose 
temperature is between 20°-30°C. The NAC register can- 
not be decremented below 0. 

Count Compensations 

The bq2010 determines fast charge when the NAC up- 
dates at a rate of > 2 counts/sec. Charge and discharge 
activity is compensated for temperature and charge/dis- 
charge rate before updating the NAC and/or DCR. Self- 
discharge estimation is compensated for temperature 
before updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency compensation factors are used for 
trickle charge and fast charge. Fast charge is defined as 
a rate of charge resulting in > 2 NAC counts/sec (> 0.15C 
to 0.32C depending on PFC selections; see Table 2). The 
compensation defaults to the fast charge factor until the 
actual charge rate is determined. 

Temperature adapts the charge rate compensation factors 
over three ranges between nominal, warm, and hot tem- 
peratures. The compensation factors are shown below. 


Charge 

Temperature 

Trickle Charge 
Compensation 

Fast Charge 
Compensation 

<30°C 

0.80 

0.95 

30-40°C 

0.75 

0.90 

> 40°C 

0.65 

0.80 


Discharge Compensation 

Corrections for the rate of discharge are made by adjust- 
ing an internal discharge compensation factor. The dis- 
charge compensation factor is based on the namically 
measured V SR . 
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The compensation factors during discharge are: 


Approximate 

V QR Threshold 

Discharge 

Compensation 

Factor 

Efficiency 

V SR > -150 mV 

1.00 

100% 

V SR < -150 mV 

1.05 

95% 


Temperature compensation during discharge also takes 
place. At lower temperatures, the compensation factor in- 
creases by 0.05 for each 10°C temperature step below 10°C. 

Comp, factor = 1.0 + (0.05 * N) 

Where N = Number of 10°C steps below 10°C and 
-150mV < V SR < 0. 

For example: 

T > 10°C : Nominal compensation, N = 0 
0°C < T < 10°C: N = 1 (i.e., 1.0 becomes 1.05) 

-10°C < T < 0°C: N = 2 (i.e., 1.0 becomes 1.10) 

-20°C <T< -10°C: N = 3 (i.e., 1.0 becomes 1.15) 

-20°C <T< -30°C: N = 4 (i.e., 1.0 becomes 1.20) 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a nomi- 
nal rate of y 64 * NAC, y 47 * NAC per day, or disabled. This is 
the rate for a battery within the 20-30°C temperature 
range (TMPGG = 6x). This rate varies across 8 ranges from 
<10°C to >70°C, doubling with each higher temperature 
step(10°C). See Table 3. 


Table 3. Self-Discharge Compensation 


Temperature 

Range 

Typical Rate 

PROG 5 = Z 

PROG 5 = L 

< 10°C 

na %« 

NAC /l88 

10-20°C 

NAC /l28 

NAC /94 

20-30°C 

NA % 

m %7 

30— 40°C 

NA % 


40-50°C 

NAC /l6 

NA %.8 

50-60°C 

NAC /s 

NA %.88 

60— 70°C 

NA % 

NAC / 2 .94 

> 70°C 

nac / 2 

NAC /l.47 


Digital Magnitude Filter 

The bq2010 has a programmable digital filter to elimi- 
nate charge and discharge counting below a set thresh- 
old. The default setting is -0.30mV for V SRD and 
+0.38mV for V SR q. The proper digital filter setting can 
be calculated using the following equation. Table 4 
shows typical digital filter settings. 


V SRD (mV) = -45 / DMF 
Vsrq (mV) = -1.25 * VgRD 

Table 4. Typical Digital Filter Settings 


DMF 

DMF 

Hex. 

Vsrd 

(mV) 

V SRQ 

(mV) 

75 

4B 

-0.60 

0.75 

100 

64 

-0.45 

0.56 

150 (default) 

96 

-0.30 

0.38 

175 

AF 

-0.26 

0.32 

200 

C8 

-0.23 

0.28 


Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated (see the 
DCR description on page 7). The other cause of LMD er- 
ror is battery wear-out. As the battery ages, the meas- 
ured capacity must be adjusted to account for changes in 
actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description) and is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been 
updated following 64 valid charges. 

Current-Sensing Error 

Table 5 illustrates the current-sensing error as a func- 
tion of Vg R . A digital filter eliminates charge and dis- 
charge counts to the NAC register when Vg R o (V SR + 
V os ) is between V SE Q and V SRD . 

Communicating With the bq2010 

The bq2010 includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2010 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain DQ pin on 


8/18 


4-10 







bq2010 


Table 5. bq2010 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

V 0S 

Offset referred to V SR 

± 50 

± 150 

HV 

DISP = V cc . 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

\ 

% 

Measurement repeatability given 
similar operating conditions. 


the bq2010 should be pulled up by the host system or may 
be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2010. 
The command directs the bq2010 either to store the next 
eight bits of data received to a register specified by the 
command byte or to output the eight bits of data speci- 
fied by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 
either polled or interrupt processing. Data input from the 
bq2010 may be sampled using the pulse- width capture 
timers available on some microcontrollers. 

Communication is normally initiated by the host processor 
sending a BREAK command to the bq2010. A BREAK is 
detected when the DQ pin is driven to a logic-low state for 
a time, t B or greater. The DQ pin should then be returned 
to its normal ready-high logic state for a time, t BR . The 
bq2010 is now ready to receive a command from the host 
processor. 

The retum-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmission 
by either the host or the bq2010 taking the DQ pin to a 
logic-low state for a period, t STRH B . The next section is the 
actual data transmission, where the data should be valid 
by a period, t DSU , after the negative edge used to start 


communication. The data should be held for a period, 
t DV , to allow the host or bq2010 to sample the data bit. 

The final section is used to stop the transmission by re- 
turning the DQ pin to a logic-high state by at least a peri- 
od, tg S u, after the negative edge used to start communica- 
tion. The final logic-high state should be held until a peri- 
od, tgy, to allow time to ensure that the bit transmission 
was stopped properly. The timings for data and break 
communication are given in the serial communication tim- 
ing specification and illustration sections. 

Communication with the bq2010 is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2010 NAC register. 

bq2010 Registers 

The bq2010 command and status registers are listed in 
Table 6 and described below. 

Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2010. 
The CMDR register contains two fields: 

■ W/Rbit 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 


Written by Host to bq2010 
CMDR = 03h 


Received by Host to bq2010 
NAC = 65h 


LSB 


MSB | LSB 


MSB 


DQ 


Break 11000000 1 0 1 0 01 1 0 


TD2Q1001.eps 


Figure 3. Typical Communication with the bq2010 
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Table 6. bq2010 Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

CMDR 

Command reg- 
ister 

OOh 

Write 

wm 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary status 
flags register 

Olh 

Read 

CHGS 

BRP 

BRM 

Cl 

VDQ 

n/u 

EDV1 

EDVF 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal avail- 
able charge 
high byte reg- 
ister 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal avail- 
able charge 
low byte regis- 
ter 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID7 

BATID 6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured 
discharge reg- 
ister 

05h 

R/W 

LMD 7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

PPD 

Program pin 
pull-down reg- 
ister 

07h 

Read 

n/u 

n/u 

PPD 6 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin 
pull-up regis- 
ter 

08h 

Read 

n/u 

n/u 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 
inaccurate 
count register 

09h 

Read 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

DMF 

Digital magni- 
tude filter reg- 
ister 

Oah 

R/W 

DMF7 

DMF6 

DMF5 

DMF4 

DMF3 

DMF2 

DMF1 

DMFO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2010 outputs the requested register 
contents specified by the address portion of 
CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 

The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 


6 

5 

4 

3 

2 

1 

0 


AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2010 flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when V SR0 > V SR q. A V SR0 of less than V SRQ or 
discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 


- 

- 


- 

- 


Where CHGS is: 

0 Either discharge activity detected or V SR0 < 

V SRQ 

1 V SR0 > V SRQ 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to V ss ), Vg B , falls 
from above the maximum cell voltage, MCV (2.25V), or 
rises above 0.1V. The BRP flag is also set when the 
bq2010 is reset (see the RST register description). BRP 
is reset when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action is de- 


tected after the EDV1 flag is asserted. BRP = 1 signifies 
that the device has been reset. 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 


- 

- 

- 

- 

- 


Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDV 1 flag is asserted 

1 V SB dropping from above MCV, V SB rising 
from below 0.1V, or a serial port initiated 
reset has occurred 

The battery removed flag (BRM) is asserted whenever 
the potential on the SB pin (relative to V ss ) rises above 
MCV or falls below 0.1V. The BRM flag is asserted until 
the condition causing BRM is removed. 


The BRM values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

BRM 


- 


- 

- 


Where BRM is: 

0 0.1V<V SB < 2.25V 

1 0.1 V > V SB or V SB > 2.25V 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2010 is reset. The flag is cleared 
after an LMD update. 

The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

Cl 

“ i 

- 

- 

- 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or the bq2010 is reset 
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The valid discharge flag (VDQ) is asserted when the 
bq2010 is discharged from NAC=LMD. The flag remains 
set until either LMD is updated or one of three actions 
that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action sustained at V SR0 > V SR q for at 
least 256 NAC counts. 

■ The EDV1 flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

_®J 

5 

4 

3 

2 

1 

0 

- 


- 

- 

VDQ 

- 

- 

- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or ED VI is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The first end- of -discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEG 1? is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV1 flag is latched until a valid charge has 
been detected. 


The EDV1 values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 


EDV1 

- 


Where EDV1 is: 

0 Valid charge action detected, V SB > 1.05V 

1 V SB < 1.05V providing that OVLD=0 (see 
FLGS2 register description) 

The final end-of-discharge warning flag (EDVF) is 
used to warn that battery power is at a failure condition. 
All segment drivers are turned off. The EDVF flag is 
latched until a valid charge has been detected. The 
EMPTY pin is also forced to a high-impedance state on 
assertion of EDVF. The host system may pull EMPTY 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. 


The EDVF values are: 


FLGS1 Bits 

7 

L2_ 

5 

4 

3 

2 

1 

0 

- 


- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 

0 Valid charge action detected, V SB ^ 0.95V 

1 V SB < 0.95V providing that OVLD=0 (see 
FLGS2 register description) 

Temperature and Gas Gauge Register 
(TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP3 

TMP2 

TMP1 

TMP0 

- 

- 

- 



The bq2010 contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. 


The temperature register contents may be translated as 
shown below. 


TMP3 

TMP2 

TMP1 

TMP0 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 
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The bq2010 calculates the available charge as a function 
of NAC, temperature, and a full reference, either LMD 
or PFC. The results of the calculation are available via 
the display port or the gas gauge field of the TMPGG 
register. The register is used to give available capacity 
in y 16 increments from 0 to %. 


TMPGG Gas Gauge Bits 

7 

6 

5 

CM 

CO 

1 

0 

- 

- 

- 

GG3 GG2 

GG1 

GG0 


The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece-wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>0°C 

NAC / “Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / “Full Reference” 

< -20°C 

0.5 * NAC / “Full Reference” 


The adjustment between > 0°C and -20°C < T < 0°C has 
a 10°C hysteresis. 


Nominal Available Charge Registers 
(NACH/NACL) 

The read/write NACH high-byte register (address=03h) 
and the read-only NACL low-byte register (address=17h) 
are the main gas gauging register for the bq2010. The 
NAC registers are incremented during charge actions 
and decremented during discharge and self-discharge 
actions. The correction factors for charge/dis charge effi- 
ciency are applied automatically to NAC. 

On reset, if PROG 6 = Z or low, NACH and NACL are 
cleared to 0; if PROG 6 = high, NACH = PFC and NACL 
= 0. When the bq2010 detects a valid charge, NACL resets 
to 0. Writing to the NAC registers affects the available 
charge counts and, therefore, affects the bq2010 gas gauge 
operation. Do not write the NAC registers to a value greater 
than LMD. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
V cc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2010. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2010 uses as a measured full reference. The bq2010 
adjusts LMD based on the measured discharge capacity 


of the battery from full to empty. In this way the 
bq2010 updates the capacity of the battery. LMD is set 
to PFC during a bq2010 reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2010 flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 


The CR values are: 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CR 

- 



- 

- 

- 



Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 5 

4 3 2 1 0 

- 

DR2 DR1 

DR0 - 1 


They are used to determine the current discharge re- 
gime as follows: 


DR2 

DR1 

DR0 

> 

a 

a 

> 

0 

0 

0 

V SR > -150mV 

0 

0 

1 

V SR < -150mV 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, V SR < -250mV. OVLD remains as- 
serted as long as the condition persists and is cleared 
0.5 seconds after V SR > -250mV. The overload condition 
is used to stop sampling of the battery terminal character- 
istics for end-of-discharge determination. Sampling is re- 
enabled 0.5 secs after the overload condition is removed. 


FLGS2 Bits 

7 1 6 1 5 

4 

3 

2 1 1 

0 

- 

- 

- 

- 

- 

- 

- 

OVLD 
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DR2-0 and OVLD are set based on the measurement of the 
voltage at the SR pin relative to V ss . The rate at which 
this measurement is made varies with device activity. 

Program Pin Pull-Down Register (PPD) 

The read-only PPD register (address=07h) contains 
some of the programming pin information for the 
bq2010. The segment drivers, SEG^, have a corre- 
sponding PPD register location, PPD^g. A given loca- 
tion is set if a pull-down resistor has been detected on 
its corresponding segment driver. For example, if SEG X 
and SEG 4 have pull-down resistors, the contents of 
PPD are xxOOlOOl. 


PPD/PPU Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

PPU 6 

PPU 5 

PPU 4 

PPU 3 

PPU 2 

PPUi 

- 

- 

ppd 6 

ppd 6 

ppd 4 

ppd 3 

PPD 2 

PPD X 


Program Pin Pull-Up Register (PPU) 

The read-only PPU register (address=08h) contains the 
rest of the programming pin information for the bq2010. 
The segment drivers, SEG^g, have a corresponding PPU 
register location, PPU^g. A given location is set if a pull- 
up resistor has been detected on its corresponding segment 
driver. For example, if SEG 3 and SEG 6 have pull-up resis- 
tors, the contents of PPU are xxlOOlOO. 

Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to indi- 
cate the number of times a battery has been charged with- 
out an LMD update. Because the capacity of a recharge- 
able battery varies with age and operating conditions, the 
bq2010 adapts to the changing capacity over time. A com- 
plete discharge from full (NAC=LMD) to empty (EDV1=1) 
is required to perform an LMD update assuming there 
have been no intervening valid charges, the temperature is 
greater than or equal to 0°C, and the self-discharge coun- 
ter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 * LMD, however, 
the CPI register increments on the first valid charge; 
CPI does not increment again for a valid charge until 
NAC < 0.94 * LMD. This prevents continuous trickle 
charging from incrementing CPI if self-discharge decre- 
ments NAC. The CPI register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. The CPI register is reset 
whenever an update of the LMD register is performed, 
and the Cl flag is also cleared. 
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Digital Magnitude Filter (DMF) 

The read-write DMF register (address = Oah) provides 
the system with a means to change the default settings 
of the digital magnitude filter. By writing different val- 
ues into this register, the limits of V SRD and V SR q can be 
adjusted. 

Note: Care should be taken when writing to this regis- 
ter. A V SRD and Vsrq below the specified V 0 s may ad- 
versely affect the accuracy of the bq2010. Refer to Table 
4 for recommended settings for the DMF register. 

Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. By 
writing the RST register contents from OOh to 80h, a 
bq2010 reset is performed. Setting any bit other than the 
most-significant bit of the RST register is not allowed , 
and results in improper operation of the bq2010. 

Resetting the bq2010 sets the following: 

■ LMD = PFC 

■ CPI, VDQ, NACH, and NACL = 0 

■ Cl and BRP = 1 

Note: NACH = PFC when PROG 6 = H. Self-discharge is 
disabled when PROG 5 = H 

Display 

The bq2010 can directly display capacity information 
using low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to V cc or V ss for a pro- 
gram high or program low, respectively. 

The bq2010 displays the battery charge state in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. The sixth 
segment, SEG 6 , is not used. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 20% of the PFC, with 
SEG 6 representing “overfull” (charge above the PFC). 
As the battery wears out over time, it is possible for the 
LMD to be below the initial PFC. In this case, all of the 
LEDs may not turn on in absolute mode, representing 
the reduction in the actual battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does not 
affect the NAC register. The temperature adjustments are 
detailed in the TMPGG register description. 

WTien DISP i s tied to V cc , the SEG^ outputs are inactive. 
When DISP is left floating, the display becomes active 
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whenever the NAC registers are counting at a rate equiva- 
lent to | V SR0 1 ^ 4mV. When pulled low, the segmen t out- 
puts become active immediately. A capacitor tied to DISP 
allows the display to remain active for a short period of 
time after activation by a push-button switch. 

The segment outputs are modulated as two banks of 
three, with segments 1, 3, and 5 alternating with seg- 
ments 2, 4, and 6. The segment outputs are modulated 
at approximately 100Hz with each segment bank active 
for 30% of the period. 


SEGi blinks at a 4Hz rate whenever V SB has been de- 
tected to be below V EDV1 (EDV1 = 1), indicating a low- 
battery condition. V SB below V EDVF (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2010 can operate directly from 3 or 4 cells. To fa- 
cilitate the power supply requirements of the bq2010, an 
REF output is provided to regulate an external low- 
threshold n-FET. A micropower source for the bq2010 
can be inexpensively built using the FET and an exter- 
nal resistor; see Figure 1. 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

V CC 

Relative to V ss 

-0.3 

+7.0 

v 


All other pins 

Relative to V ss 

-0.3 

+7.0 

V 


REF 

Relative to V ss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

V SR 

Relative to V ss 

-0.3 

+7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2010 appli- 
cation note for details). 

t opr 

Operating tempera- 
ture 

0 

+70 

°c 

Commercial 

-40 

+85 

°c 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to condi- 
tions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds <t a = t opr ; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

V EDVF 

Final empty warning 

0.93 

0.95 

0.97 

V 

SB 

V EDV1 

First empty warning 

1.03 

1.05 

1.07 

V 

SB 

V SR1 

Discharge compensation threshold 

-120 

-150 

-180 

mV 

V SR + V OS 

VsRO 

SR sense range 

-300 

- 

+2000 

mV 

SR, V SR + V 0 s 

V SRQ 

Valid charge 

375 

- 

- 

RV 

VsR + Vos ( see note ) 

VsRD 

Valid discharge 

" 

- 

-300 


VgR + V 0 s ( see note) 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

SB 

V BR 

Battery removed/replaced 

- 

0.1 

0.25 

V 

SB pulled low 

2.20 

2.25 

2.30 

V 

SB pulled high 


Note: 


Default value; value set in DMF register. V os is affected by PC board layout. Proper layout guidelines 
should be followed for optimal performance. See “LayoutConsiderations.” 
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DC Electrical Characteristics (t a = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

V cc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ 

Vref = 3V 

!cc 

Normal operation 

- 

90 

135 

M-A 

V cc = 3.0V, DQ = 0 

- 

120 

180 

pA 

V cr = 4.25V, DQ = 0 

- 

170 

250 

pA 

V cc = 6.5V, DQ = 0 

V SB 

Battery input 

0 

- 

Vcc 

V 


^SBmax 

SB input impedance 

10 

- 

. - 

Mn 

0 < V SB < V cc 

tlSP 

DISP input leakage 

- 

- 

5 

pA 

Vdisp = Vss 

Ilcom 

LCOM input leakage 

-0.2 

- 

0.2 

pA 

DISP = V cc 

r dq 

Internal pulldown 

500 

- 

- 

KG 


V SE 

Sense resistor input 

-0.3 

- 

2.0 

V 

VgR < V ss = discharge; 

V S R > V ss = charge 

^SR 

SR input impedance 

10 

_ 

- 

MQ 

-200m V < V SR < V cc 

Vih 

Logic input high 

V cc - 0.2 

- 

- 

V 

PROGi-PROGg 

VlL 

Logic input low 

- 

- 

V ss + 0.2 

V 

PROGi-PROGg 

Viz 

Logic input Z 

float 

- 

float 

V 

PROGi-PROGg 

VoLSL 

SEGx output low, low V cc 

- 

0.1 

- 

V 

Vcc = 3V, I 0 ls - 1.75mA 
SEGj-SEGg 

VoLSH 

SEGx output low, high V cc 

- 

0.4 

- 

V 

V cc = 6.5V, I 0LS < 11.0mA 
SEGj-SEGe 

VoHLCL 

LCOM output high, low V cc 

V cc - 0.3 

- 

- 

V 

V C c = 3V, Iohlcom = -5.25mA 

VoHLCH 

LCOM output high, high V cc 

V cc - 0.6 

- 

- 

V 

Vcc - 3.5V, Iohlcom = -33.0mA 

Ira 

PROG^g input high current 

- 

1.2 

- 

ma 

Vprog = Vcc/ 2 

Iil 

PROG^g input low current 

- 

1.2 

- 

hA 

Vprog = Vcc/2 

^OHLCOM 

LCOM source current 

-33 

- 

- 

mA 

At V 0 hlch = Vcc - 3.6V 

loLS 

SEG X sink current 

- 

- 

11.0 

mA 

AtV OLS H = 0.4V 

!ol 

Open-drain sink current 

- 

- 

5.0 

mA 

At V OL = v ss + 0.3V 

DQ, EMPTY 

V OL 

Open-drain output low 

- 

- 

0.5 

V 

I 0L < 5mA, DQ, EMPTY 

^IHDQ 

DQ input high 

2.5 

- 

- 

V 

DQ 

ViLDQ 

DQ input low 

- 

- 

0.8 

V 

DQ 

RpROG 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

k n 

PROGi-PROGg 

^FLOAT 

Float state external impedance 

- 

5 

- 

MG 

PROGp-PROGg 
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Serial Communication Timing Specification (t a = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tcYCH 

Cycle time, host to bq2010 

3 

- 

- 

ms 

See note 

tcYCB 

Cycle time, bq2010 to host 

3 

- 

6 

ms 


t STRH 

Start hold, host to bq2010 

5 

- 

- 

ns 


tsTRB 

Start hold, bq2010 to host 

500 

- 

- 

JLIS 


^DSU 

Data setup 

- 

- 

750 

M'S 


^DH 

Data hold 

750 

- 

- 

ps 


^DV 

Data valid 

1.50 

- 

- 

ms 


tsSU 

Stop setup 

- 

- 

2.25 

ms 


fsH 

Stop hold 

700 

- 

- 

ps 


^SV 

Stop valid 

2.95 

- 

- 

ms 



Break 

3 

- 

- 

ms 


^BR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least V cc by the host system for proper DQ operation. DQ 

may be left floating if the serial interface is not used. 


Serial Communication Timing illustration 
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Data Sheet Revision History 


Chanqe No. 

Paqe No. 

Description 

Nature of Chanqe 

3 

4 

EDV monitoring 

Was: EDV monitoring is disabled if V SR < -150mV; 

Is: EDV monitoring is disabled if V SR < -250mV 

3 

6 

Table 1, PROG 5 

Was: PROG 5 = H = Reserved; 

Is: PROG5 = H = Disable self-discharge 

3 

7,8 

Self-discharge 

Add: or disabled as selected by PROG 5 

3 

11 

Capacity inaccurate 

Correction: Cl is asserted on the 64th charge after the 
last LMD update or when the bq2010 is reset 

3 

13 

Nominal available charge 
register 

NACL stops counting when NACH reaches zero 

3 

13 

Overload flag 

Was: V SR < -150mV 

Is: V SR < -250mV 


Notes: Changes 1 and 2; please refer to the 1995 Data Book. 

Change 3 = Apr. 1995 D changes from Mar. 1994 C. 


Ordering Information 


bq201 0 




Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 


Package Option: 

SN = 16-pin narrow SOIC 


— Device: 

bq2010 Gas Gauge IC 

* Contact factory for availability. 
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bq2010 Evaluation System 


Features 

> bq2010 Gas Gauge IC evaluation and development 
system 

> PC interface hardware for easy access to 
state-of-charge information 

> Alternative terminal block for direct connection to the 
serial port 

V Battery state-of-charge monitoring for 5- to 10-cell 
(series) applications (2 user-selectable options for 3, 4, 
or greater than 10 cells) 

> On-board regulator for greater than 4-cell 
applications 

>* State-of-charge information displayed on bank of 6 
LEDs 

> Nominal capacity jumper-configurable 
>■ Cell chemistry jumper-configurable 

>■ Display mode jumper-configurable 

General Description 

The EV2010 Evaluation System provides a development 
and evaluation environment for the bq2010 Gas Gauge 
IC. The EV2010 incorporates a bq2010, a sense resistor, 
and all other hardware necessary to provide a capacity 
monitoring function for 3 to 12 series NiCd or NiMH cells. 

Hardware for a PC interface is included on the EV2010 
so that easy access to the state-of-charge information 
can be achieved via the serial port of the bq2010. Direct 
connection to the serial port of the bq2010 is also made 
available for check-out of the final hardware/soft- 
ware implementation. 



The menu-driven software provided with the EV2010 
displays charge/discharge activity and allows user inter- 
face to the bq2010 from any standard DOS PC. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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EV2010 Board Schematic 



Rev. C Board 





Product Brief EV2010 




UNITROOE 


bq201 1 



Features 

> Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

> Designed for portable equipment 
such as power tools with high dis- 
charge rates 

> Designed for battery pack inte- 
gration 

- 12 Op A typical standby current 
(self-discharge estimation mode) 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

>■ Direct drive of LEDs for capacity 
display 

> Self-discharge compensation us- 
ing internal temperature sensor 

> Simple single- wire serial commu- 
nications port for subassembly 
testing 

> 16-pin narrow SOIC 


Gas Gauge 1C for 
High Discharge Rates 


General Description 

The bq2011 Gas Gauge IC is intended 
for battery-pack installation to main- 
tain an accurate record of available 
battery charge. The IC monitors a 
voltage drop across a sense resistor 
connected in series between the nega- 
tive battery terminal and ground to 
determine charge and discharge ac- 
tivity of the battery. The bq2011 is 
designed for systems such as power 
tools with very high discharge rates. 

Battery self-discharge is estimated 
based on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature and rate of 
charge or discharge are applied to 
the charge, discharge, and 
selfdischarge calculations to provide 
available charge information across 
a wide range of operating conditions. 
Initial battery capacity is set using 
the PFC and MODE pins. Actual 
battery capacity is automatically 
“learned” in the course of a dis- 
charge cycle from full to empty and 
may be displayed depending on the 
display mode. 


Nominal available charge may be di- 
rectly indicated using a five-seg- 
ment LED display. These segments 
are used to indicate graphically the 
nominal available charge. 

The bq2011 supports a simple single- 
line bidirectional serial link to an exter- 
nal processor (common ground). The 
bq2011 outputs battery information in 
response to external commands over the 
serial link. To support subassembly 
testing, the outputs may also be con- 
trolled by command. The external proc- 
essor may also overwrite some of the 
bq2011 gas gauge data registers. 

The bq2011 may operate directly 
from four cells. With the REF output 
and an external transistor, a simple, 
inexpensive regulator can be built to 
provide Vcc from a greater number 
of cells. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, and battery status. 


Pin Connections 







MODE Q 

1 

16 

□ v cc 

SEGi □ 

2 

15 

□ REF 

SEGzH 

3 

14 

□ NC 

seg 3 |Z 

4 

13 

□ DQ 

SEG4Q 

5 

12 

□ RBI 

SEG 5 C 

6 

11 

□ SB 

PFC [Z 

7 

10 

Z\ DISP 

vss C 

8 

9 

~Z\ SR 

16-Pin Narrow SOIC 
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Pin Names 


MODE 

Display mode output 

SEGi 

LED segment 1 

seg 2 

LED segment 2 

seg 3 

LED segment 3 

seg 4 

LED segment 4 

SEG 5 

LED segment 5 

PFC 

Programmed full count 
selection input 

REF 

Voltage reference output 


1/18 


NC 

DQ 

RBI 

SB 

DISP 

SR 

Vcc 

Vss 


No connect 

Serial communications 
input/output 

Register backup input 

Battery sense input 

Display control input 

Sense resistor input 

3. 0-6.5 V 

Negative battery terminal 

2/96 E 
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Pin Descriptions 

MODE Display mode output 

When left floating, this output selects rela- 
tive mode for capacity display. If connected 
to the anode of the LEDs to source current, 
absolute mode is selected for capacity dis- 
play. See Table 1. 

SEGi- LED display segment outputs 

SEGs 

Each output may activate an LED to sink 
the current sourced from MODE, the bat- 
tery, or Vcc. 

PFC Programmed full count selection input 

This three-level input pin defines the pro- 

grammed full count (PFC) thresholds and 
scale selections described in Table 1. The 
state of the PFC pin is only read immediate- 
ly after a reset condition. 

SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the low side of 
the sense resistor. Vsr > Vss indicates dis- 
charge, and Vsr < Vss indicates charge. The 
effective voltage drop, Vsro, as seen by the 
bq2011 is Vsr + Vos (see Table 3). 

NC No connect 


DISP Display control input 

DISP floating allows the LED display to 
be active during charge and discharge if 
Vsro < -lmV (charge) o r Vsr o > 2mV (dis- 
charge). Transitioning DISP low activates 
the display for 4 ± 0.5 seconds. 

SB Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resis- 
tive divider network for the end-of-discharge 
voltage (EDV) threshold and maximum cell 
voltage (MCV). 

RBI Register backup input 

This input is used to provide backup potential 
to the bq2011 registers during periods when 
Vcc ^ 3V. A storage capacitor should be con- 
nected to RBI. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 

General Operation 

The bq2011 determines battery capacity by monitoring 
the amount of charge input to or removed from a re- 
chargeable battery The bq2011 measures discharge and 
charge currents, estimates self-discharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and charge/discharge rates. The 
charge measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the envi- 
ronmental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2011 using the LED display with absolute mode as a 
charge-state indicator. The bq2011 can be configured to 
display capacity in either a relative or an absolute dis- 
play mode. The relative display mode uses the last 
measured discharge capacity of the battery as the bat- 
tery “full” reference. The absolute display mode uses the 
programmed full count (PFC) as the full reference, forc- 
ing each segment of the display to represent a fixed 
amount of charge. A push-button display feature is 
available for momentarily enabling the LED display. 

The bq2011 monitors the charge and discharge currents 
as a voltage across a sense resistor (see Rs in Figure 1). 
A filter between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current is too great. 



Programming resistors and ESD-protection diodes are not shown. 


R-C on SR may be required, (application-specific), where the maximum 
R should not exceed 20K. 

FG201101 .eps 


Figure 1. Battery Pack Application Diagram — LED Display, 
Absolute Mode 
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Register Backup 

The bq2011 RBI input pin is intended to be used with a 
storage capacitor to provide backup potential to the inter- 
nal bq2011 registers when Vcc momentarily drops below 
3.0V. Vcc is output on RBI when Vcc is above 3.0V. 

After Vcc rises above 3.0V, the bq2011 checks the inter- 
nal registers for data loss or corruption. If data has 
changed, then the NAC and FULCNT registers are 
cleared, and the LMD register is loaded with the initial 
PFC. 

Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2011 monitors the single-cell battery po- 
tential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor-divider network 
per the following equation: 

= n-i 
rb 2 

where N is the number of cells, RBi is connected to the 
positive battery terminal, and RB 2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). The EDV thresh- 
old level is used to determine when the battery has 
reached an “empty” state, and the MCV threshold is used 
for fault detection during charging. The EDV and MCV 
thresholds for the bq2011 are fixed at: 

Vedv = 0.90 V 
Vmcv = 2.00V 

During discharge and charge, the bq2011 monitors Vsr 
for various thresholds, Vsri-Vsr4. These thresholds are 
used to compensate the charge and discharge rates. Ref- 
er to the discharge compensation section for details. 
EDV monitoring is disabled if Vsr ^ Vsri (50mV typical) 
and resumes 1 second after Vsr drops back below Vsri. 

Reset 

The bq2011 recognizes a valid battery whenever Vsb is 
greater than 0.1V typical. Vsb rising from below 0.25V 
resets the device. Reset can also be accomplished with a 
command over the serial port as described in the Reset 
Register section. 

Temperature 

The bq2011 internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 
compensations, self-discharge counting, and available 


charge display translation. The temperature range is 
available over the serial port in 10°C increments as 
shown below: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2011 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (SB and Vcc) should be placed as close 
as possible to the SB and Vcc pins, respectively, and 
their paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is recommended 
for Vcc. 

■ The sense resistor (Rs) should be as close as possible 
to the bq2011. 

■ The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed 20K. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2011. The bq2011 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2011 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 1. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 


1. Last Measured Discharge (LMD) or 
learned battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV. A qualified discharge is necessary for a ca- 
pacity transfer from the DCR to the LMD register. 
The LMD also serves as the 100% reference thresh- 
old used by the relative display mode. 

2. Programmed Full Count (PFC) or initial 
battery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PFC. The PFC also provides the 
100% reference for the absolute display mode. The 
bq2011 is configured for a given application by se- 
lecting a PFC value from Table 1. The correct PFC 
may be determined by multiplying the rated bat- 
tery capacity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity for absolute mode provides capacity above the 
full reference for much of the battery's life. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 




Qualified Register 
Transfer (DCR) 


l — Temperature Step, 
Other Data 


Chip-Controlled Serial 

Available Charge Port 

LED Display 


Figure 2. Operational Overview 
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Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.005Q 
Number of cells = 6 
Capacity = 1300mAh, NiCd cells 
Current range = 1A to 80A 
Relative display mode 
Self-discharge = % 4 

Voltage drop over sense resistor = 5mV to 400mV 
Therefore: 

1300mAh * 0.005Q = 6.5mVh 


Select: 

PFC = 34304 counts or 6.5mVh 
PFC = Z (float) 

MODE = not connected 

The initial full battery capacity is 6.5mVh 
(1300mAh) until the bq2011 “learns” a new capac- 
ity with a qualified discharge from full to EDV. 




Table 1. bq2011 Programmed Full Count mVh Selections 


PFC 

Programmed 

Full Count (PFC) 

mVh 

Scale 

MODE Pin 

Display Mode 

H 

27648 

10.5 

/ / 2640 

Floating 

Relative 

Z 

34304 

6.5 

/'5280 

L 

44800 

8.5 

/ / 5280 

H 

42240 

8.0 

V &280 

Connected to LEDs 

Absolute 

Z 

31744 

6.0 

%280 

L 

23808 

4.5 

/'5280 
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3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self dis- 
charge to 0. NAC is reset to 0 on initialization and 
on the first valid charge following discharge to EDV. 
To prevent overstatement of charge during periods 
of overcharge, NAC stops incrementing when NAC 
= LMD. 

Note: NAC is set to the value in LMD when SEG 5 
is pulled low during a reset. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge incre- 
ment the DCR. After NAC = 0, only discharge in- 
crements the DCR. The DCR resets to 0 when NAC 
= LMD. The DCR does not roll over but stops 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to Vedv if: 

■ No valid charge initiations (charges greater than 
256 NAC counts; or 0.006 - 0.0 1C) occurred dur- 
ing the period between NAC = LMD and EDV 
detected. 

■ The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

■ The temperature is > 0°C when the EDV level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a negative voltage 
on the Vsr input. If charge activity is detected, the 
bq2011 increments NAC at a rate proportional to Vsro 
(Vsr + Vos) and, if enabled, activates an LED display 
if Vsro < -lmV. Charge actions increment the NAC af- 
ter compensation for charge rate and temperature. 

The bq2011 determines a valid charge activity sustained 
at a continuous rate equivalent to Vsro < -400pV. A 
valid charge equates to a sustained charge activity 
greater than 256 NAC counts. Once a valid charge is de- 
tected, charge counting continues until Vsro rises 
above -400pV. 


Discharge Counting 

All discharge counts where Vsro > 500pV cause the 
NAC register to decrement and the DCR to increment. 
Exceeding the fast discharge threshold (FDQ) if the rate 
is equivalent to Vsro > 2mV activates the display, if en- 
abled. The display becomes inactive after Vsro falls be- 
low 2mV. 

Self-Discharge Estimation 

The bq2011 continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tempera- 
ture. The self-discharge count rate is programmed to be a 
nominal y 80 * NAC rate per day. This is the rate for a bat- 
tery whose temperature is between 20°-30°C. The NAC 
register cannot be decremented below 0. 

Count Compensations 

The bq2011 determines fast charge when the NAC up- 
dates at a rate of >2 counts/sec. Charge and discharge 
activity is compensated for temperature and charge/dis- 
charge rate before updating the NAC and/or DCR. Self- 
discharge estimation is compensated for temperature 
before updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency factors are used for trickle charge 
and fast charge. Fast charge is defined as a rate of 
charge resulting in > 2 NAC counts/sec (> 0.15C to 0.32C 
depending on PFC selections; see Table 2). The compen- 
sation defaults to the fast charge factor until the actual 
charge rate is determined. 

Temperature adapts the charge rate compensation fac- 
tors over three ranges between nominal, warm, and hot 
temperatures. The compensation factors are shown below. 


Charge 

Temperature 

Trickle Charge 
Compensation 

Fast Charge 
Compensation 

<40°C 

0.80 

0.95 

> 40°C 

0.75 

0.90 
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Discharge Compensation 

Corrections for the rate of discharge are made by adjust- 
ing an internal discharge compensation factor. The dis- 
charge factor is based on the dynamically measured Vsr. 
The compensation factors during discharge are: 


Approximate 

Vsr Threshold 

Discharge 

Compensation 

Factor 

Efficiency 

Vsr < 50 mV 

1.00 

100% 

Vsri > 50 mV 

1.05 

95% 

Vsr 2 > 100 mV 

1.15 

85% 

Vsr 3 > 150 mV 

1.25 

75% 

V S R 4 > 253 mV 

1.25 

75% 


Temperature compensation during discharge also takes place. 
At lower temperatures, the compensation factor increases by 
0.05 for each 10°C temperature step below 10°C. 


Table 2. Self-Discharge Compensation 


Temperature 

Range 

Self-Discharge Compensation 
Typical Rate/Day 

< 10°C 

NA %0 

10-20°C 

NAC /l60 

20-30°C 

NAC/ 

/ 80 

30-40°C 

NAC/ 

/ 40 

40-50°C 

NA % 

50-60°C 

NAC /io 

60-70°C 

NA % 

> 70°C 

NAC / 2 .5 


mm 


Error Summary 


Comp, factor = 1.00 + (0.05 * N) 

Where N = number of 10°C steps below 10°C and 
Vsr < 50mV. 

For example: 

T > 10°C: Nominal compensation, N = 0 
0°C < T < 10°C: N = 1 (i.e., 1.00 becomes 1.05) 

-10°C < T < 0°C: N = 2 (i.e., 1.00 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.00 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.00 becomes 1.20) 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of V 80 * NAC per day. This is the rate for a 
battery within the 20-30°C temperature range (TMPGG 
= 6x). This rate varies across 8 ranges from <10°C to 
>70°C, doubling with each higher temperature step 
(10°C). See Table 2 


Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no up- 
dates occur. On initialization, the LMD value includes the 
error between the programmed full capacity and the actual 
capacity. This error is present until a valid discharge oc- 
curs and LMD is updated (see the DCR description on page 
7). The other cause of LMD error is battery wear-out. As 
the battery ages, the measured capacity must be adjusted 
to account for changes in actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs and is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been 
updated following 64 valid charges. 

Current-Sensing Error 

Table 3 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and 
discharge counts to the NAC register when Vsro (Vsr + 
Vos) is between -400|iV and 500gV. 


Table 3. bq2011 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± i 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 
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Communicating with the bq2011 

The bq2011 includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2011 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain DQ pin on 
the bq2011 should be pulled up by the host system, or may 
be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2011. 
The command directs the bq2011 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 
either polled or interrupt processing. Data input from the 
bq2011 may be sampled using the pulse-width capture 
timers available on some microcontrollers. 

Communication is normally initiated by the host proces- 
sor sending a BREAK command to the bq2011. A 
BREAK is detected when the DQ pin is driven to a 
logic-low state for a time, tB or greater. The DQ pin 
should then be returned to its normal ready-high logic 
state for a time, tBR. The bq2011 is now ready to receive 
a command from the host processor. 

The retum-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmission 
by either the host or the bq2011 taking the DQ pin to a 


logic-low state for a period, tsTRH,B- The next section is the 
actual data transmission, where the data should be valid by 
a period, tDSU, after the negative edge used to start commu- 
nication. The data should be held for a period, tDV, to allow 
the host or bq2011 to sample the data bit. 

The final section is used to stop the transmission by return- 
ing the DQ pin to a logic-high state by at least a period, 
tssu, after the negative edge used to start communication. 
The final logic-high state should be held until a period, tsv, 
to allow time to ensure that the bit transmission was 
stopped properly. The timings for data and break commu- 
nication are given in the serial communication timing 
specification and illustration sections. 

Communication with the bq2011 is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2011 NAC register. 

bq2011 Registers 

The bq2011 command and status registers are listed in 
Table 4 and described below. 

Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2011. 
The CMDR register contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 


Written by Host to bq201 1 
CMDR = 03h 


Received by Host to bq201 1 
NAC = 65h 


LSB MSB | LSB MSB 

Break 11000000 ! 10 10 0 110 


DQ 
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Figure 3. Typical Communication with the bq2011 
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Table 4. bq2011 Command and Status Registers 


Symbol 

Register 

Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

CMDR 

Command 

register 

OOh 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary 
status flags 
register 

Olh 

Read 

CHGS 

BRP 

MCV 

Cl 

VDQ 

n/u 

EDV 

n/u 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal 
available 
charge high 
byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal 
available 
charge low 
byte register 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID 7 

BATID6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last meas- 
ured dis- 
charge regis- 
ter 

05h 

R/W 

LMD 7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

CPI 

Capacity 
inaccurate 
count register 

09h 

Read 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

OCTL 

Output con- 
trol register 

Oah 

Write 

1 

OC5 

OC4 

OC3 

OC2 

OC1 

n/u 

OCE 

FULCNT 

Full count 
register 

Obh 

Read 

FUL7 

FUL6 

FUL5 

FUL4 

FUL3 

FUL2 

FUL1 

FULO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2011 outputs the requested register 
contents specified by the address portion of 
CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 


The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2011 flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro < -400pV. A Vsro of greater than- 
400p V or discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


Where CHGS is: 

0 Either discharge activity detected or Vsro > 
-400pV 

1 Vsro < -400pV 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), Vsb, rises 
above 0.1V and determines the internal registers have 
been corrupted. The BRP flag is also set when the 
bq2011 is reset (see the RST register description). BRP 
is latched until either the bq2011 is charged until NAC 
= LMD or discharged until EDV is reached. BRP = 1 
signifies that the device has been reset. 
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The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

- 

- 

- 

- 


Where BRP is: 

0 bq2011 is charged until NAC = LMD or dis- 
charged until the EDV flag is asserted 

1 SB rising from below 0.1V, or a serial port 
initiated reset has occurred 

The maximum cell voltage flag (MCV) is asserted 
whenever the potential on the SB pin (relative to Vss) is 
above 2.0V. The MCV flag is asserted until the condi- 
tion causing MCV is removed. 


The MCV values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

MCV 

- 

_ 

- 

- 

- 


Where MCV is: 

0 Vsb < 2.0V 

1 Vsb > 2.0V 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2011 is reset. The flag is cleared 
after an LMD update. 

The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

Cl 

- 

- 

- 

- 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge or the bq2011 is reset 

1 After the 64th valid charge action with no 
LMD updates 
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The valid discharge flag (VDQ) is asserted when the 
bq2011 is discharged from NAC=LMD. The flag remains 
set until either LMD is updated or one of three actions 
that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action equal to 256 NAC counts with 
Vsro < -400pV. 

■ The EDV flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 


0 


- 

- 

- 

VDQ 

- 


- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The end-of-discharge warning flag (EDV) warns the 
user that the battery is empty. SEG1 blinks at a 4Hz 
rate. EDV detection is disabled if Vsr > Vsri. The EDV 
flag is latched until a valid charge has been detected. 

The EDV values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

j 


- 

- 

EDV 

- 


Where EDV is: 

0 Valid charge action detected and Vsb ^ 

0.90V 

1 Vsb < 0.90V providing that Vsr < Vsri 

Temperature and Gas Gauge Register 
(TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP3 

TMP2 

TMP1 

TMP0 

- 

- 

- 



The bq2011 contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown below. 


TMP3 

TMP2 

TMP1 

TMP0 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

o 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


The bq2011 calculates the available charge as a function 
of NAC, temperature, and a full reference, either LMD 
or PFC. The results of the calculation are available via 
the display port or the gas gauge field of the TMPGG 
register. The register is used to give available capacity 
in y iQ increments from 0 to 


TMPGG Gas Gauge Bits 

7 


5 

4 

3 

2 

i 

0 

- 

5 " 

- 

- 

GG3 

GG2 

GG1 

GG0 
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The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece- wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>0°C 

NAC /"Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / "Full Reference” 

< -20°C 

0.5 * NAC / "Full Reference” 


The adjustment between > 0°C and -20°C < T < 0°C has a 
4°C hysteresis. 

Nominal Available Charge Register (NAC) 

The read/write NACH register (address=03h) and the 
read-only NACL register (address=17h) are the main 
gas gauging registers for the bq2011. The NAC registers 
are incremented during charge actions and decremented 
during discharge and self-discharge actions. The correc- 
tion factors for charge/discharge efficiency are applied 
automatically to NAC. 

On reset, the NACH and NACL registers are cleared to 
zero. NACL stops counting when NACH reaches zero. 
When the bq2011 detects a valid charge, NACL resets to 
zero; writing to the NAC register affects the available 
charge counts and, therefore, affects the bq2011 gas 
gauge operation. 

Battery Identification Register (BAUD) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2011. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2011 uses as a measured full reference. The bq2011 
adjusts LMD based on the measured discharge capacity 
of the battery from full to empty. In this way the bq2011 
updates the capacity of the battery. LMD is set to PFC 
during a bq2011 reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2011 flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 
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The CR values are: 


FLGS2 Bits 

7 


5 

4 

3 

2 

i 

0 

CR 

“H 


- 

- 



- 


Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 

The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

_2_ 

- 

DR2 

DR1 

DRO 

- 

- 

- 




They are used to determine the present discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

Vsr (V) 

0 

0 

0 

Vsr < 50mV 

0 

0 

1 

50mV < Vsr < lOOmV 
(overload, OVLD=l) 

0 

1 

0 

lOOmV < Vsr < 150mV 

0 

1 

1 

150mV < Vsr < 253mV 

1 

0 

0 

Vsrd > 253mV 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, Vsrd > 50mV. OVLD remains as- 
serted as long as the condition persists and is cleared 
when Vsrd < 50mV. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

OVLD 


DR2-0 and OVLD are set based on the measurement of the 
voltage at the SR pin relative to Vss. The rate at which 
this measurement is made varies with device activity. 
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Full Count Register (FULCNT) 

The read-only FULCNT register (address=Obh) provides 
the system with a diagnostic of the number of times the 
battery has been fully charged (NAC = LMD). The 
number of full occurrences can be determined by multiply- 
ing the value in the FULCNT register by 16. Any dis- 
charge action other than self-discharge allows detection of 
another full occurrence during the next valid charge ac- 
tion. 

Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to in- 
dicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a re- 
chargeable battery varies with age and operating condi- 
tions, the bq2011 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. The register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. CPI is reset whenever an 
update of the LMD register is performed, and the Cl flag 
is also cleared. 

Output Control Register (OCTL) 

The write-only OCTL register (address=0ah) provides 
the system with a means to check the display connec- 
tions for the bq2011. The segment drivers may be over- 
written by data from OCTL when the least-significant 
bit of OCTL, OCE, is set. The data in bits OC 5-1 of the 
OCTL register (see Table 4 on page 10 for details) is out- 
put onto the segment pins, SEG 5 - 1 , respectively if 
OCE=l. Whenever OCE is written to 1, the MSB of 
OCTL should he set to a 1 . The OCE register location 
must be cleared to return the bq2011 to normal opera- 
tion. OCE may be cleared by either writing the bit to a 
logic zero via the serial port or by resetting the bq2011 
as explained below. Note: Whenever the OCTL register is 
written, the MSB of OCTL should be written to a logic one. 

Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. A full 
device reset may be accomplished by first writing LMD 
(address = 05h) to OOh and then writing the RST regis- 
ter contents from OOh to 80h. Setting any bit other than 
the most-significant bit of the RST register is not al- 
lowed, and results in improper operation of the bq2011. 


Resetting the bq2011 sets the following: 

■ LMD = PFC 

■ CPI, VDQ, NAC, and OCE = 0 or 
NAC = LMD when SEG5 = L 

■ Cl and BRP = 1 

Display 

The bq2011 can directly display capacity information 
using low-power LEDs. If LEDs are used, the segment 
pins should be tied to Vcc, the battery, or the MODE pin 
for programming the bq2011. 

The bq2011 displays the battery charge state in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 20% of the PFC. As the 
battery wears out over time, it is possible for the LMD 
to be below the initial PFC. In this case, all of the LEDs 
may not turn on, representing the reduction in the ac- 
tual battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does 
not affect the NAC register. The temperature adjust- 
ments are detailed in the TMPGG register description. 

When DISP is tie d to Vcc, the SEG1-5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive during charge if the NAC registers are counting at a 
rate equivalent to Vsro < -lmV or fast discharge if the 
NAC registers are counting at a rate equivalent to Vsro 
> 2 mV. When pulled low, the segment output becomes 
active for 4 seconds, ±0.5 seconds. 

The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedv to indicate a low-battery condi- 
tion or NAC is less than 10% of the LMD or PFC, de- 
pending on the display mode. 

Microregulator 

The bq2011 can operate directly from 4 cells. To facilitate 
the power supply requirements of the bq2011, an REF out- 
put is provided to regulate an external low-threshold n- 
FET. A micropower source for the bq2011 can be inexpen- 
sively built using the FET and an external resistor. 


14/18 


4-37 



bq201 1 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


Vsr 

Relative to Vss 

-0.3 

+7.0 

V 

Minimum 100Q series resistor 
should be used to protect SR in case 
of a shorted battery (see the bq2011 
application note for details). 

Topr 

Operating temperature 

0 

+70 

°c 

Commercial 

-40 

+85 

°c 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedv 

End-of-discharge warning 

0.87 

0.90 

0.93 

V 

SB 

VsRl 

Discharge compensation threshold 

20 

50 

75 

mV 

SR (see note) 

VSR2 

Discharge compensation threshold 

70 

100 

125 

mV 

SR (see note) 

VSR3 

Discharge compensation threshold 

120 

150 

175 

mV 

SR (see note) 

VSR4 

Discharge compensation threshold 

220 

253 

275 

mV 

SR (see note) 

VSRQ 

Valid charge 

- 

- 

-400 

HV 

Vsr + Vos 

VSRD 

Valid discharge 

500 

- 

- 

HV 

Vsr + Vos 

Vmcv 

Maximum single-cell voltage 

1.95 

2.0 

2.05 

V 

SB 

Vbr 

Battery removed/replaced 

- 

0.1 

0.25 

V 

SB 


Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the volt- 

age being measured. 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

HV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5p,A 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5jiA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

tiA 

Vcc = 3.0V, DQ = 0 

- 

120 

180 

jiA 

V cc = 4.25V, DQ = 0 

_ 

170 

250 

UA 

Vcc = 6.5V, DQ = 0 

VsB 

Battery input 

0 

- 

Vcc 

V 


RsBmax 

SB input impedance 

10 

- 

- 

MO 

0 < VsB < Vcc 

Idisp 

DISP input leakage 

- 

" 

5 

HA 

Vdisp = Vss 

Imode 

MODE input leakage 

-0.2 


0.2 


DISP = Vcc 

Irbi 

RBI data-retention current 

- 

- 

100 

nA 

Vrbi > Vcc < 3V 

Rdq 

Internal pulldown 

500 

- 

- 

KQ 


VSR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr > Vss = discharge; 

Vsr < Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

MQ 

-200mV < Vsr < Vcc 

ViHPFC 

PFC logic input high 

Vcc - 0.2 

- 

- 

V 

PFC 

ViLPFC 

PFC logic input low 

. 

- 

Vss + 0.2 

V 

PFC 

VlZPFC 

PFC logic input Z 

float 

- 

float 

V 

PFC 

IlHPFC 

PFC input high current 

- 

1.2 

- 

jiiA 

Vpfc = Vcc/2 

IlLPFC 

PFC input low current 

- 

1.2 

- 

HA 

Vpfc = Vcc/2 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 5 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEG 1 -SEG 5 

VoHML 

MODE output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Iohmode = -5.25mA 

VoHMH 

MODE output high, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc = 6.5V, Iohmode = -33.0mA 

lOHMODE 

MODE source current 

-33 

- 

- 

mA 

At Vohmode = Vcc - 0.6V 

IOLS 

SEGx sink current 

11.0 

- 

- 

mA 

At Volsh = 0.4V, Vcc = 6.5V 

IOL 

Open-drain sink current 

5.0 

- 

- 

mA 

At Vol = Vss + 0.3V, DQ 

VOL 

Open-drain output low 

- 

- 

0.5 

V 

Iol ^ 5mA, DQ 

Vihdq 

DQ input high 

2.5 

- 

- 

V 

DQ 

Vildq 

DQ input low 

_ 

- 

0.8 

V 

DQ 

Rfloat 

Float state external impedance 

- 

5 

- 

MQ 

PFC 



Note: All voltages relative to Vss. 
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Serial Communication Timing Specification (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2011 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2011 to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2011 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2011 to host 

500 

- 

- 

ps 


tDSU 

Data setup 

- 

- 

750 

ps 


tDH 

Data hold 

750 


- 

ps 


tDV 

Data valid 

1.50 

- 

- 

ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 

- 

ps 


tsv 

Stop valid 

2.95 

- 

- 

ms 


tB 

Break 

3 

- 

- 

ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing Illustration 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

3 

7 

Self-discharge count rate 

Was: %4 * NAC rate per day 

Is: y 80 * NAC rate per day 

3 

7 

Compensation factor 30-40°C 

Was: 0.90 

Is: 0.95 

3 

7 

Compensation factor >40°C 

Was: 0.80 

Is: 0.90 

4 

7 

Charge compensation 

Changed compensation factor variation with temperature 

4 

8 

Self-discharge compensation 

Changed self-discharge compensation rate variation with 
temperature 


Notes: Changes 1 and 2 = See the 1995 Data Book. 

Change 3 = Jan. 1996 D changes from July 1994 C. 
Change 4 = Feb. 1996 E changes from Jan. 1996 D. 


Ordering Information 


bq201 1 

Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 

Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2011 Gas Gauge IC 


* Contact factory for availability. 
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Product Brief EV201 1 

bq201 1 Evaluation System 



Features 

> bq2011 Gas Gauge IC evaluation and development 
system 

> PC interface hardware for easy access to 
state-of-charge information via the serial port 

>* Alternative terminal block for direct connection to the 
serial port 

> Battery state-of-charge monitoring for 5- to 10-cell 
(series) applications (2 user-selectable options for 3, 4, 
or greater than 10 cells) 

>■ On-board regulator for greater than 4-cell 
applications 

> State-of-charge information displayed on bank of 5 
LEDs 

>• Nominal capacity jumper-configurable 
>- Display mode jumper-configurable 

General Description 

The EV2011 Evaluation System provides a development 
and evaluation environment for the bq2011 Gas Gauge 
IC. The EV2011 incorporates a bq2011, a sense resistor, 
and all other hardware necessary to provide a capacity 
monitoring function for 3 to 12 series NiCd cells. 

Hardware for a PC interface is included on the EV2011 
so that easy access to the state-of-charge information 
can be achieved via the serial port of the bq2011. Direct 
connection to the serial port of the bq2011 is also made 
available for check-out of the final hardware/ 
software implementation. 



The menu-driven software provided with the EV2011 
displays charge/discharge activity and allows user inter- 
face to the bq2011 from any standard DOS PC. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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Product Brief EV2011 




EV2011 Product Brief 


EV2011 Board Schematic (Continued) 



Rev. B Board 
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Features 

> Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

>■ Designed for portable equipment 
such as power tools with high dis- 
charge rates 

> Designed for battery pack inte- 
gration 

- 120pA typical standby current 
(self-discharge estimation mode) 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

> Direct drive of LEDs for capacity 
display 

>- Self-discharge compensation us- 
ing internal temperature sensor 

> Simple single-wire serial commu- 
nications port for subassembly 
testing 

> 16-pin narrow SOIC 


Gas Gauge 1C for 
High Discharge Rates 


General Description 

The bq 2011 J Gas Gauge IC is intended 
for battery-pack installation to main- 
tain an accurate record of available 
battery charge. The IC monitors a volt- 
age drop across a sense resistor con- 
nected in series between the negative 
battery terminal and ground to deter- 
mine charge and discharge activity of 
the battery The bq2011J is designed 
for systems such as power tools with 
very high discharge rates. 

Battery self-discharge is estimated 
based on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature and rate of 
charge or discharge are applied to 
the charge, discharge, and 
selfdischarge calculations to provide 
available charge information across 
a wide range of operating conditions. 
Initial battery capacity is set using 
the PROG1-4 and SPFC pins. Actual 
battery capacity is automatically 
“learned” in the course of a dis- 
charge cycle from full to empty and 
may be displayed depending on the 
display mode. 


Nominal available charge may be di- 
rectly indicated using a five-seg- 
ment LED display. These segments 
are used to graphically indicate nomi- 
nal available charge. 

The bq2011J supports a simple 
single-line bidirectional serial link to 
an external processor (common 
ground). The bq2011J outputs battery 
information in response to external 
commands over the serial link. To sup- 
port subassembly testing, the outputs 
may also be controlled by command. 
The external processor may also over- 
write some of the bq2011J gas gauge 
data registers. 

The bq2011J may operate directly 
from four cells. With the REF out- 
put and an external transistor, a 
simple, inexpensive regulator can 
be built to provide Vcc from a 
greater number of cells. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, and battery status. 


Pin Connections 




T? 


LCOM Q 

1 

16 

m v cc 

SEGi/PROGi 

2 

15 

2\ REF 

SEG2/PROG2 22 

3 

14 

22 NC 

SEG3/PROG3 [2 

4 

13 

2} DQ 

SEG4/PROG4 \Z 

5 

12 

□ RBI 

seg 5 [Z 

6 

11 

22 sb 

SPFC 22 

7 

10 

22 D|sp 

vss 21 

8 

9 

22 sr 

16-Pin Narrow SOIC 



PN201 1 JK.eps 
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Pin Names 

LCOM 

LED common output 

SEG,/ 

PROG, 

LED segment 1/ Program 

1 input 

seg 2 / 

prog 2 

LED segment 2 / Program 
2 input 

seg 3 / 

PROG 3 

LED segment 3/ Program 

3 input 

SEG 4 / 

PROG 4 

LED segment 4/ Program 

4 input 

seg 5 

LED segment 5 

SPFC 

Programmed full count 
selection input 


REF Voltage reference output 

NC No connect 

DQ Serial communications 

input/output 

RBI Register backup input 

SB Battery sense input 

DISP Display control input 

SR Sense resistor input 

Vcc 3.0-6.5V 

V S s Negative battery terminal 

1/18 
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Pin Descriptions 

LOOM LED common 

Open-drain output switches Vcc to source cur- 
rent for the LEDs. The switch is off during ini- 
tialization to allow reading of PROG1-4 pull-up 
or pull-down program resistors. LOOM is high 
impedance when the display is off. 

SEGi- LED display segment outputs 
SEG5 

Each output may activate an LED to sink 
the current sourced from MODE, the bat- 
tery, or Vcc* 

PROGi- Programmed full count selection inputs 
PROG4 (dual function with SEGi - SEG4) 

These three-level input pins define the pro- 
grammed full count (PFC) in conjunction 
with SPFC pin, define the display mode and 
enable or disable self-discharge. 

SPFC Programmed full count selection input 

This three-level input pin along with PROG1-3 
define the programmed full count (PFC) 
thresholds and scale selections described in 
Table 1 and Table 2. The state of the SPFC 
pin is only read immediately after a reset 
condition. 

SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the low side of 
the sense resistor and battery pack ground 
(see Figure 1). Vsr > Vss indicates discharge, 
and Vsr < Vss indicates charge. The effec- 
tive voltage drop, Vsro, as seen by the 
bq2011J is Vsr + Vos (see Table 4). 
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NC No connect 

DISP Display control input 

DISP floating allows the LED display to be 
active during charge and discharge if Vsro 
< -lmV (char ge) or Vsro > 2mV (discharge). 
Transitioning DISP low activates the display 
for 4 ± 0.5 seconds. 

SB Secondary battery input 

This input monitors the single-cell voltage po- 
tential through a high-impedance resistive di- 
vider network for the end-of-discharge voltage 
(EDV) threshold and maximum cell voltage 
(MCV). 

RBI Register backup input 

This input is used to provide backup poten- 
tial to the bq2011J registers during periods 
when Vcc ^ 3V. A storage capacitor should be 
connected to RBI. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Figure 1 shows a typical battery pack application of the 
bq2011J using the LED display with absolute mode as a 
charge-state indicator. The absolute display mode uses 
the programmed full count (PFC) as the full reference, 
forcing each segment of the display to represent a fixed 
amount of charge. A push-button display feature is 
available for momentarily enabling the LED display. 

The bq2011J monitors the charge and discharge cur- 
rents as a voltage across a sense resistor (see Rs in Fig- 
ure 1). A filter between the negative battery terminal 
and the SR pin may be required if the rate of change of 
the battery current is too great. 

Register Backup 

The bq2011J RBI input pin is intended to be used with a 
storage capacitor to provide backup potential to the inter- 



R-C on SR may be required, (application-specific), where the maximum R should not exceed 20K. 

FG201102.eps 


Figure 1. Battery Pack Application Diagram — LED Display, 

Absolute Mode 
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Functional Description 
General Operation 

The bq2011J determines battery capacity by monitoring 
the amount of charge input to or removed from a recharge- 
able battery. The bq2011J measures discharge and charge 
currents, estimates self-discharge, monitors the battery for 
low-battery voltage thresholds, and compensates for tem- 
perature and charge/discharge rates. The charge measure- 
ment is made by monitoring the voltage across a small- 
value series sense resistor between the negative battery 
terminal and ground. The available battery charge is de- 
termined by monitoring this voltage over time and correct- 
ing the measurement for the environmental and operating 
conditions. 
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nal bq2011J registers when Vcc momentarily drops below 
3.0V. Vcc is output on RBI when Vcc is above 3.0V. 

After Vcc rises above 3.0V, the bq2011J checks the internal 
registers for data loss or corruption. If data has changed, 
then the NAC and FULCNT registers are cleared, and the 
LMD register is loaded with the initial PFC. 

Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2011J monitors the single-cell battery po- 
tential through the SB pin. The single-cell voltage poten- 
tial is determined through a resistor-divider network per 
the following equation: 

= n-i 
rb 2 

where N is the number of cells, RBi is connected to the 
positive battery terminal, and RB 2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). The EDV thresh- 
old level is used to determine when the battery has 
reached an “empty” state, and the MCV threshold is used 
for fault detection during charging. The EDV and MCV 
thresholds for the bq2011J are fixed at: 

Vedv = 0.90V 
Vmcv = 2.00V 

EDV detection is disabled if the discharge is at a rate 
equivalent to or greater than 6C (OVLD flag = 1) EDV 
detection is re-enabled approximately one second after 
the discharge falls below a rate equivalent to less than 
6C (OVLD flag = 0). 

Reset 

The bq2011J recognizes a valid battery whenever Vsb is 
greater than 0.1V typical. Vsb rising from below 0.25V 
resets the device. Reset can also be accomplished with a 
command over the serial port as described in the Reset 
Register section. 

Temperature 

The bq2011J internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 
compensations, self-discharge counting, and available 
charge display translation. The temperature range is 
available over the serial port in 10 °C increments as 
shown in the following chart: 

Layout Considerations 

The bq2011J measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR pin) 
is greatly affected by PC board layout. For optimal results, 
4/18 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


the PC board layout should follow the strict rule of a 
single-point ground return. Sharing high-current ground 
with small signal ground causes undesirable noise on the 
small signal nodes. Additionally: 

■ The capacitors (SB and Vcc) should be placed as 
close as possible to the SB and Vcc pins, respectively, 
and their paths to Vss should be as short as possible. 
A high-quality ceramic capacitor of 0. lpf is 
recommended for Vcc. 

■ The sense resistor (Rs) should be as close as possible 
to the bq2011J. 

■ The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed 20K. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2011J. The bq2011J accu- 
mulates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. Charge and dis- 
charge currents are temperature and rate compensated, 
whereas self-discharge is only temperature compen- 
sated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) is used to update the 
Last Measured Discharge (LMD) register only if a com- 
plete battery discharge from full to empty occurs without 
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any partial battery charges. Therefore, the bq2011J 
adapts its capacity determination based on the actual con- 
ditions of discharge. 

The battery’s initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 1. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the bat- 
tery. On initialization (application of Vcc or battery re- 
placement), LMD = PFC. During subsequent discharges, 
the LMD is updated with the latest measured capacity 
in the Discharge Count Register (DCR) representing a 
discharge from full to below EDV. A qualified discharge 
is necessary for a capacity transfer from the DCR to the 
LMD register. The LMD also serves as the 100% refer- 
ence threshold used by the relative display mode. 

2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PFC. The PFC also provides the 
100% reference for the absolute display mode. The 
bq2011J is configured for a given application by select- 
ing a PFC value from Table 1. The correct PFC may be 
determined by multiplying the rated battery capacity in 
mAh by the sense resistor value: 


Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capacity for 
absolute mode provides capacity above the full reference 
for much of the battery’s life. 

Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.002Q 
Number of cells = 6 
Capacity = 1800mAh, NiCd cells 
Current range = 1A to 80A 
Absolute display mode 
Self-discharge = % 0 

Voltage drop across sense resistor = 2mV to 160mV 
Therefore: 

1800mAh * 0.002Q = 3.6mVh 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 



Chip-Controlled Serial 

Available Charge Port 

LED Display 


Figure 2. Operational Overview 
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Select: 

PFC = 35840 counts or 3.39m Vh 
SPFC = Z (float) 

PROG1, PROG2 = H or Z 
PROG3 = L 
PROG4 = H or Z 

The initial full battery capacity is 3.39mVh (1695mAh) un- 
til the bq2011J “learns” a new capacity with a qualified 
discharge from full to EDV. 


3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value of 
LMD and down during discharge and self discharge to 0. 
NAC is reset to 0 on initialization and on the first valid 
charge following discharge to EDV. To prevent overstate- 
ment of charge during periods of overcharge, NAC stops 
incrementing when NAC = LMD. 

Note: NAC is set to the value in LMD when PROG 4 is 
pulled low during a reset. 


Table 1. bq2011J Programmed Full Count mVh Selections 


Programmed 

Full Count (PFC) 

mVh 

Scale 

Display 

Mode 

SPFC 

PROGi 

PROG 2 

PROG3 

40192 

3.81 

Xo560 


H 

H or Z 

H or Z 

H or Z 

32256 

3.05 

Xo560 


Z 

H or Z 

H or Z 

H or Z 

28928 

2.74 

Ko560 

Absolute 

L 

H or Z 

H or Z 

H or Z 

25856 

2.45 

/{()560 

H 

L 

H or Z 

H or Z 

35840 

3.39 

/{()560 


Z 

L 

H or Z 

H or Z 

23296 

2.21 

Ko560 


L 

L 

H or Z 

H or Z 


Table 2. Programmed Self-Discharge 


PROG4 

NAC Reset Value 

Self-Discharge 

H or Z 

NAC = 0 

Enabled 

L 

NAC = PFC 

Disabled 
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4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent of 
NAC and could continue increasing after NAC has dec- 
remented to 0. Prior to NAC = 0 (empty battery), both 
discharge and self-discharge increment the DCR. After 
NAC = 0, only discharge increments the DCR. The DCR 
resets to 0 when NAC = LMD. The DCR does not roll 
over but stops counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the first 
charge after a valid discharge to Vedv if: 

No valid charge initiations (charges greater than 256 
NAC counts; or 0.006-0.0 1C) occurred during the period 
between NAC = LMD and EDV detected. 

The self-discharge count is not more than 4096 counts 
(8% to 18% of PFC, specific percentage threshold deter- 
mined by PFC). 

The temperature is > 0°C when the EDV level is reached 
during discharge. 

The valid discharge flag (VDQ) indicates whether the 
present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a negative voltage 
on the Vsr input. If charge activity is detected, the 
bq2011J increments NAC at a rate proportional to Vsro 
(Vsr + Vos) and, if enabled, activates an LED display 
if Vsro < -lmV. Charge actions increment the NAC af- 
ter compensation for charge rate and temperature. 

The bq2011J determines a valid charge activity sus- 
tained at a continuous rate equivalent to Vsro < -400pV. 
A valid charge equates to a sustained charge activity 
greater than 256 NAC counts. Once a valid charge is de- 
tected, charge counting continues until Vsro rises 
above -400|iV. 

Discharge Counting 

All discharge counts where Vsro > 500pV cause the 
NAC register to decrement and the DCR to increment. 
Exceeding the fast discharge threshold (FDQ) if the rate 
is equivalent to Vsro > 2mV activates the display, if en- 
abled. The display becomes inactive after Vsro falls be- 
low 2mV. 

Self-Discharge Estimation 

The bq2011J continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tem- 
perature. The self-discharge count rate is programmed 
to be a nominal y 80 * NAC rate per day or disabled per 
Table 2. This is the rate for a battery whose tempera- 
ture is between 20°C-30°C. The NAC register cannot 
not be decremented below 0. 


Count Compensations 

The bq2011J determines fast charge when the NAC up- 
dates at a rate of >2 counts/sec. Charge and discharge 
activity is compensated for temperature and 
charge/discharge rate before updating the NAC and/or 
DCR. Self-discharge estimation is compensated for 
temperature before updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency factors are used for trickle charge 
and fast charge. Fast charge is defined as a rate of 
charge resulting in > 2 NAC counts/sec (> 0.15C to 0.32C 
depending on PFC selections; see Table 1). The compen- 
sation defaults to the fast charge factor until the actual 
charge rate is determined. 

Temperature adapts the charge rate compensation 
factors over three ranges between nominal, warm, and 
hot temperatures. The compensation factors are shown 
below. 


Charge 

Temperature 

Trickle Charge 
Compensation 

Fast Charge 
Compensation 

<30°C 

0.80 

0.95 

30-40°C 

0.75 

0.90 

> 40°C 

0.65 

0.80 


Discharge Compensation 

Corrections for the rate of discharge are made by adjust- 
ing an internal compensation factor. This factor is based 
upon the number of NAC counts per second. The actual 
“C” rate may be calculated by using the following for- 
mula: 

c - K 

““ N * LMD 

where: 

K = 66,000 

N = Number of samples 
LMD = Contents of address 05h 
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The compensation factors during discharge are: 


Samples 

Discharge Com- 
pensation Factor 

Effective Crate 
LMD = 9Dh 

N > 70 

1.00 

Crate < 6.0C 

70 > N > 35 

1.05 

6.0C < Crate < 
12. 0C 

35 > N > 23 

1.15 

12. 0C < Crate < 
18. 0C 

N< 23 

1.25 

Crate > 18. 0C 


Temperature compensation during discharge also takes 
place. At lower temperatures, the compensation factor in- 
creases by 0.05 for each 10°C temperature step below 
10°C. 

Comp, factor = 1.00 + (0.05 * N) 

Where N = number of 10°C steps below 10°C and 
Crate < 6.0C. 

For example: 

T > 10°C: Nominal compensation, N = 0 
0°C < T < 10°C: N = 1 (i.e., 1.00 becomes 1.05) 

-10°C < T < 0°C: N = 2 (i.e., 1.00 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.00 becomes 1.15) 

-20°C <T< -30°C: N = 4 (i.e., 1.00 becomes 1.20) 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of y 80 * NAC per day or disabled. This is 
the rate for a battery within the 20-30°C temperature 
range (TMPGG = 6x). This rate varies across 8 ranges 
from <10°C to >70°C, doubling with each higher tem- 
perature step (10 °C). See Table 3. 


Table 3. Self-Discharge Compensation 


Temperature 

Range 

Self-Discharge Compensation 
Typical Rate/Day 

< 10°C 

NA %o 

10-20°C 

NAC /l60 

20-30°C 

NA %o 

30-40°C 

NA % 

40-50°C 

NA %0 

50-60°C 

nac /io 

60-70°C 

NAC / 5 

> 70°C 

NAC / 2 .5 


Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no up- 
dates occur. On initialization, the LMD value includes the 
error between the programmed full capacity and the actual 
capacity. This error is present until a valid discharge oc- 
curs and LMD is updated (see “4. Discharge Count Regis- 
ter” on the previous page). The other cause of LMD error is 
battery wear-out. As the battery ages, the measured capac- 
ity must be adjusted to account for changes in actual bat- 
tery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs and is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been 
updated following 64 valid charges. 

Current-Sensing Error 

Table 3 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and 
discharge counts to the NAC register when Vsro (Vsr + 
Vos) is between -400p V and 500p V. 


Table 4. bq2011 J Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 
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Communicating With the bq2011 J 

The bq2011J includes a simple single-pin (DQ plus return) 
serial data interface. A host processor uses the interface to 
access various bq2011J registers. Battery characteristics 
may be easily monitored by adding a single contact to the 
battery pack. The open-drain DQ pin on the bq2011J 
should be pulled up by the host system, or may be left float- 
ing if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2011J. 
The command directs the bq2011J to either store the 
next eight bits of data received to a register specified by 
the command byte or output the eight bits of data speci- 
fied by the command byte. 

The communication protocol is asynchronous return- 
to-one. Command and data bytes consist of a stream 
of eight bits that have a maximum transmission rate 
of 333 bits/sec. The least-significant bit of a com- 
mand or data byte is transmitted first. The protocol 
is simple enough that it can be implemented by most 
host processors using either polled or interrupt proc- 
essing. Data input from the bq2011J may be sampled 
using the pulse-width capture timers available on 
some microcontrollers. 

Communication is normally initiated by the host processor 
sending a BREAK command to the bq2011J. A BREAK is 
detected when the DQ pin is driven to a logic-low state for 
a time, tB or greater. The DQ pin should then be returned 
to its normal ready-high logic state for a time, tBR. The 
bq2011J is now ready to receive a command from the host 
processor. 

The retum-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmission 
by either the host or the bq2011J taking the DQ pin to a 


logic-low state for a period, tsTRH,B. The next section is the 
actual data transmission, where the data should be valid by 
a period, tDSU, after the negative edge used to start commu- 
nication. The data should be held for a period, tDV, to allow 
the host or bq2011J to sample the data bit. 

The final section is used to stop the transmission by return- 
ing the DQ pin to a logic-high state by at least a period, tssu, 
after the negative edge used to start communication. The fi- 
nal logic-high state should be held until a period, tsv, to al- 
low time to ensure that the bit transmission was stopped 
properly The timings for data and break communication are 
given in the serial communication timing specification and 
illustration sections. 

Communication with the bq2011J is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2011J NAC register. 

bq2011J Registers 

The bq2011J command and status registers are listed in 
Table 5 and described below. 

Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2011J. 
The CMDR register contains two fields: 

■ W/Rbit 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 


Written by Host to bq201 1 J 
CMDR = 03h 


Received by Host to bq201 1 J 
NAC = 65h 


LSB MSB 

Break 1 1 0 0 0 0 0 0 


LSB MSB 

10 10 0110 
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Figure 3. Typical Communication With the bq2011J 




bq2011 J 


Table 5. bq2011J Command and Status Registers 


Svmbol 

Register Name 

Loc. 

(Hex) 

Read/ 

Write 

Control Field 

7(MSB) 

6 

5 

4 

3 


1 

nn sm 

CMDR 

Command reg- 
ister 

OOh 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary status 
flags register 

Olh 

Read 

CHGS 

BRP 

MCV 

Cl 

VDQ 

n/u 

EDV 

n/u 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal avail- 
able charge 
high byte reg- 
ister 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal avail- 
able charge 
low byte regis- 
ter 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID 7 

BATID6 

BATID5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured 
discharge reg- 
ister 

05h 

R/W 

LMD7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

CPI 

Capacity 
inaccurate 
count register 

09h 

Read 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

OCTL 

Output control 
register 

Oah 

Write 

1 

OC5 

OC4 

OC3 

OC2 

OC1 

n/u 

OCE 

FULCNT 

Full count 
register 

Obh 

Read 

FUL7 

FUL6 

FUL5 

FUL4 

FUL3 

FUL2 

FUL1 

FULO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 


- 

- 


Where W/R is: 

0 The bq2011J outputs the requested register 
contents specified by the address portion of 
CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 


The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

" 

- 

- 

- 


Where BRP is: 

0 bq2011J is charged until NAC = LMD or 
discharged until the EDV flag is asserted 

1 SB rising from below 0.1V, or a serial port 
initiated reset has occurred 

The maximum cell voltage flag (MCV) is asserted 
whenever the potential on the SB pin (relative to Vss) is 
above 2.0V. The MCV flag is asserted until the condi- 
tion causing MCV is removed. 

The MCV values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

' 

- 

MCV 

I 

- 

- 

- 

- 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2011J flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro < -400pV. A Vsro of greater than- 
400pV or discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5^ 

4 

3 

2 

1 

0 

CHGS 

- 


- 



- 

- 


Where CHGS is: 


Where MCV is: 

0 Vsb < 2.0V 

1 Vsb > 2.0V 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2011J is reset. The flag is cleared 
after an LMD update. 

The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 


- 

- 

Cl 

- 

- 

- 

- 


0 Either discharge activity detected or Vsro > 
-400qV 

1 Vsro < -400pV 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), Vsb, rises 
above 0.1V and determines the internal registers have 
been corrupted. The BRP flag is also set when the 
bq2011J is reset (see the RST register description). BRP 
is cleared if either the bq2011J is charged until NAC = 
LMD or discharged until EDV is reached. BRP = 1 sig- 
nifies that the device has been reset. 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or the bq2011J is reset 
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The valid discharge flag (VDQ) is asserted when the 
bq2011J is discharged from NAC=LMD. The flag re- 
mains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action equal to 256 NAC counts with 
Vsro < -400pV. 

■ The EDV flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

: i 

I i 


- 

VDQ 


- 

- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The end-of-discharge warning flag (EDV) warns the 
user that the battery is empty. SEG1 blinks at a 4Hz 
rate. EDV detection is disabled if OVLD = 1. The EDV 
flag is latched until a valid charge has been detected. 

The EDV values are: 


FLGS1 Bits 

7 

_L. 

5 

4 

3 

2 

1 

0 

” 


- 

i I 

- 

- 

EDV 

- 


Where EDV is: 

0 Valid charge action detected and Vsb ^ 

0.90V 

1 Vsb < 0.90V providing that OVLD = 0 

Temperature and Gas Gauge Register 
(TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP3 

TMP2 

TMPl 

TMP0 

- 

- 

- 



The bq2011J contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown below. 


TMP3 

TMP2 

TMPl 

TMP0 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


The bq2011J calculates the available charge as a func- 
tion of NAC, temperature, and a full reference, either 
LMD or PFC. The results of the calculation are avail- 
able via the display port or the gas gauge field of the 
TMPGG register. The register is used to give available 
capacity in y 16 increments from 0 to 15 / 16 . 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

GG3 

GG2 

GG1 

GG0 
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The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece-wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>o°c 

NAC / “Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / “Full Reference” 

< -20°C 

0.5 * NAC / “Full Reference” 


The adjustment between > 0°C and -20°C < T < 0°C has 
a 4°C hysteresis. 

Nominal Available Charge Register (NAC) 

The read/write NACH register (address=03h) and the 
read-only NACL register (address=17h) are the main 
gas gauging registers for the bq2011J. The NAC regis- 
ters are incremented during charge actions and decre- 
mented during discharge and self-discharge actions. 
The correction factors for charge/discharge efficiency are 
applied automatically to NAC. 

If SEG 4 = 0 on reset, then NACH = PFC and NACL = 0. 
If SEG 4 = Z or H, the NACH and NACL registers are 
cleared to zero. NACL stops counting when NACH 
reaches zero. When the bq2011J detects a valid charge, 
NACL resets to zero; writing to the NAC register affects 
the available charge counts and, therefore, affects the 
bq2011J gas gauge operation. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2011J. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2011J uses as a measured full reference. The 
bq2011J adjusts LMD based on the measured discharge 
capacity of the battery from full to empty. In this way 
the bq2011J updates the capacity of the battery. LMD is 
set to PFC during a bq2011J reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2011J flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 


charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 


The CR values are: 


FLGS2 Bits 

7 


5 

4 

3 

2 

1 

0 

CR 


- 

- 


- 


" 


Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 


0 

- 

DR2 

DR1 

DRO 

- 

- 




They are used to determine the present discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

C RA TE@LMD = 90h 

0 

0 

0 

Crate < 6C 

0 

0 

1 

6C< Crate < 12C 

0 

1 

0 

12C < Crate <18C 

0 

1 

1 

Crate > 18C 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, Crate ^ 6.0C for LMD = 90h (see 
Discharge Compensation, page 8). OVLD remains as- 
serted as long as the condition is valid. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 


- 

~ 

- 

- 

—I 

- 

OVLD 


Full Count Register (FULCNT) 

The read-only FULCNT register (address=0bh) provides 
the system with a diagnostic of the number of times the 
battery has been fully charged (NAC = LMD). The 
number of full occurrences can be determined by multiply- 
ing the value in the FULCNT register by 16. Any dis- 
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charge action other than self-discharge allows detection of 
another full occurrence during the next valid charge ac- 
tion. 

Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to in- 
dicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a re- 
chargeable battery varies with age and operating condi- 
tions, the bq2011J adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. The register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. CPI is reset whenever an 
update of the LMD register is performed, and the Cl flag 
is also cleared. 

Output Control Register (OCTL) 

The write-only OCTL register (address=0ah) provides the 
system with a means to check the display connections for 
the bq2011J. The segment drivers may be overwritten by 
data from OCTL when the least-significant bit of OCTL, 
OCE, is set. The data in bits OC 5-1 of the OCTL register 
(see Table 5 on page 10 for details) is output onto the seg- 
ment pins, SEG 5 - 1 , respectively if OCE=l. Whenever OCE 
is written to 1, the MSB of OCTL should be set to a 1. The 
OCE register location must be cleared to return the 
bq2011J to normal operation. OCE may be cleared by ei- 
ther writing the bit to a logic zero via the serial port or by 
resetting the bq2011J as explained below. Note: Whenever 
the OCTL register is written, the MSB of OCTL should be 
written to a logic one. 

Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. A full 
device reset may be accomplished by first writing LMD 
(address = 05h) to OOh and then writing the RST regis- 
ter contents from OOh to 80h. Setting any bit other than 
the most- significant bit of the RST register is not al- 
lowed, and results in improper operation of the bq2011J. 

Resetting the bq2011J sets the following: 

■ LMD = PFC 


Display 

The bq2011J can directly display capacity information 
using low-power LEDs. If LEDs are used, the segment 
pins should be tied to Vcc, the battery, or the MODE pin 
for programming the bq2011J. 

The bq2011J displays the battery charge state in abso- 
lute mode. In absolute mode, each segment represents a 
fixed amount of charge, based on the initial PFC. In ab- 
solute mode, each segment represents 20% of the PFC. 
As the battery wears out over time, it is possible for the 
LMD to be below the initial PFC. In this case, all of the 
LEDs may not turn on, representing the reduction in 
the actual battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does not 
affect the NAC register. The temperature adjustments are 
detailed in the TMPGG register description on page 12. 

When DISP is tie d to Vcc, the SEGi _5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive during charge if the NAC registers are counting at a 
rate equivalent to Vsro < -lmV or fast discharge if the 
NAC registers are counting at a rate equivalent to Vsro 
> 2mV. When pulled low, the segment output becomes 
active for 4 seconds, ±0.5 seconds. 

The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedv to indicate a low-battery condi- 
tion or NAC is less than 10% of PFC. 

Microregulator 

The bq2011J can operate directly from 4 cells. To facili- 
tate the power supply requirements of the bq2011J, an 
REF output is provided to regulate an external low- 
threshold n-FET. A micropower source for the bq2011J 
can be inexpensively built using the FET and an exter- 
nal resistor. 


■ CPI, VDQ, OCE, and NAC = 0 
(NAC = PFC when PROG 4 = L) 

■ Cl and BRP = 1 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

7.0 

V 


All other pins 

Relative to Vss 

-0.3 

7.0 

V 


VsR 

Relative to Vss 

-0.3 

7.0 

V 

Minimum 1000 series resistor 
should be used to protect SR in case 
of a shorted battery (see the 
bq2011J application note for de- 
tails). 

Topr 

Operating temperature 

0 

70 

°c 

Commercial 

-40 

85 

°c 

Industrial 


!■ 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds <ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedv 

End-of-discharge warning 

0.87 

0.90 

0.93 

V 

SB 

VSRQ 

Valid charge 

- 

- 

-400 

M-V 

VsR + Vos 

VsRD 

Valid discharge 

500 

- 

- 

HV 

VsR + Vos 

Vmcv 

Maximum single-cell voltage 

1.95 

2.0 

2.05 

V 

SB 

Vbr 

Battery removed/replaced 

- 

0.1 

0.25 

V 

SB 


Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the volt- 

age being measured. 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

RV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5|iA 

Reference at -40°C to +85°C 

4.5 

_ 

7.5 

V 

Iref = 5p,A 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ 

Vref = 3V 

Icc 

Normal operation 

_ 

90 

135 

|llA 

V cc = 3.0V, DQ = 0 

- 

120 

180 

HA 

Von = 4.25V, DQ = 0 

- 

170 

250 

fiA 

Vcc = 6.5V, DQ = 0 

Vsb 

Battery input 

0 

- 

Vcc 

V 


RsBmax 

SB input impedance 

10 

- 

- 

MQ 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

HA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

_ 

0.2 

HA 

DISP = Vcc 

Irbi 

RBI data-retention current 

- 

_ 

100 

nA 

Vrbi > Vcc < 3V 

Rdq 

Internal pulldown 

500 


_ 

KQ 


VSR 

Sense resistor input 

-0.3 


2.0 

V 

Vsr > Vss = discharge; 

Vsr < Vss = charge 

Rsr 

SR input impedance 

10 


- 

MQ 

-200mV < Vsr < Vcc 

VlHPFC 

PROG/SPFC logic input high 

Vcc - 0.2 



V 

SPFC, PROG 1-4 

VlLPFC 

PROG/SPFC logic input low 

- 

_ 

Vss + 0.2 

V 

SPFC, PROG 1-4 

VlZPFC 

PROG/SPFC logic input Z 

float 

_ 

float 

V 

SPFC, PROG 1-4 

IlHPFC 

PROG/SPFC input high current 

- 

1.2 

- 

jxA 

Vpfc = Vcc/2 

IlLPFC 

PROG/SPFC input low current 

- 

1.2 

- 

|iA 

f 3 

o 

M 

£ 

& 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 


V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 5 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 


V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEG 1 -SEG 5 

VoHML 

LCOM output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

VoHMH 

LCOM output high, high Vcc 

Vcc - 0.6 


- 

V 

Vcc = 6.5V, Iohlcom = -33.0mA 

IOHLCOM 

LCOM source current 

-33 

- 

_ 

mA 

At Vohlcom = Vcc - 0.6V 

IOLS 

SEGx sink current 

11.0 

- 

- 

mA 

At Volsh = 0.4V, Vcc = 6.5V 

IOL 

Open-drain sink current 

5.0 

. 

_ 

mA 

At Vol = Vss + 0.3V, DQ 

VOL 

Open-drain output low 

- 

_ 

0.5 

V 

Iol ^ 5mA, DQ 

Vihdq 

DQ input high 

2.5 

. 

_ 

V 

DQ 

VlLDQ 

DQ input low 

- 

- 

0.8 

V 

DQ 

Rfloat 

Float state external impedance 

- 

5 

- 

MQ 

SPFC, PROG 1-4 


Note: All voltages relative to Vss- 
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Serial Communication Timing Specification (ta = tqpr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2011J 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2011J to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2011J 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2011J to host 

500 

- 

- 

JLIS 


tDSU 

Data setup 

- 

- 

750 

M-s 


tDH 

Data hold 

750 

- 

- 

ps 


tDV 

Data valid 

1.50 

- 

- 

ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 

- 

ps 


tsv 

Stop valid 

2.95 

- 

- 

ms 


tB 

Break 

3 

- 

- 

ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing Illustration 
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Data Sheet Revision History 


Chanqe No. 

Paqe No. 

Description 

Nature of Chanqe 

1 

6 

Removed relative display mode from Table 1 

Correction 


Notes: Change 1 = Oct. 1997 B changes from June 1995. 


Ordering Information 


bq201 1 J 

— Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 

— Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2011J Gas Gauge IC 


* Contact factory for availability. 
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UNITRODE 


bq201 1 K 



Gas Gauge 1C for 
High Discharge Rates 


Features 

> Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

>- Designed for portable equipment 
such as power tools with high dis- 
charge rates 

> Designed for battery pack inte- 
gration 

- 120|nA typical standby current 
(self-discharge estimation mode) 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

>- Direct drive of LEDs for capacity 
display 

> Self-discharge compensation us- 
ing internal temperature sensor 

>■ Simple single-wire serial commu- 
nications port for subassembly 
testing 

>■ 16-pin narrow SOIC 


General Description 

The bq2011K Gas Gauge IC is in- 
tended for battery-pack installation to 
maintain an accurate record of a bat- 
tery’s available charge. The IC moni- 
tors a voltage drop across a sense re- 
sistor connected in series between the 
negative battery terminal and ground 
to determine charge and discharge ac- 
tivity of the battery. The bq2011K is 
designed for systems such as power 
tools with very high discharge rates. 

Battery self-discharge is estimated 
based on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature and rate of 
charge or discharge are applied to 
the charge, discharge, and 
selfdischarge calculations to provide 
available charge information across 
a wide range of operating conditions. 
Initial battery capacity is set using 
the PROG1-4 and SPFC pins. Actual 
battery capacity is automatically 
“learned” in the course of a dis- 
charge cycle from full to empty and 
may be displayed depending on the 
display mode. 


Nominal available charge may be di- 
rectly indicated using a five-seg- 
ment LED display. These segments 
are used to graphically indicate 
nominal available charge. 

The bq2011K supports a simple rf !Vf 
single-line bidirectional serial link to 4 
an external processor (common i 

ground). The bq2011K outputs bat- 
tery information in response to exter- ; " " L 
nal commands over the serial link. To 
support subassembly testing, the 
outputs may also be controlled by 
command. The external processor 
may also overwrite some of the 
bq2011K gas gauge data registers. 

The bq2011K may operate directly 
from four cells. With the REF out- 
put and an external transistor, a 
simple, inexpensive regulator can be 
built to provide Vcc from a greater 
number of cells. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, and battery status. 


Pin Connections 


Pin Names 



^7 


LCOM Q 

1 16 

m vcc 

SEG 1 /PROG 1 \z 

2 15 

Z\ REF 

SEG 2 /PROG 2 \Z 

3 14 

Z\ NC 

SEG 3 /PROG 3 Q 

4 13 

Z\ DQ 

SEG 4 /PROG 4 \Z 

5 12 

Z\ RBI 

SEG 5 C 

6 11 

~Z\ SB 

SPFC 

7 10 

Zl DISP 

vss C 

8 9 

Z\ SR 

16-Pin Narrow SOIC 


PN2011JK.eps 


LCOM LED common output 

SEG1/PROG1 LED segment 1/ Program 

1 input 

SEG2/PROG2 LED segment 2 / Program 

2 input 

SEG3/PROG3 LED segment 3/ Program 

3 input 

SEG4/PROG4 LED segment 4/ Program 

4 input 

SEG5 LED segment 5 

SPFC Programmed full count 

selection input 


REF Voltage reference output 

NC No connect 

DQ Serial communications 

input/output 

RBI Register backup input 

SB Battery sense input 

DISP Display control input 

SR Sense resistor input 

Vcc 3.0-6.5V 

Vss Negative battery terminal 


10/97 B 
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Pin Descriptions 

LOOM LED common 

Open-drain output switches Vcc to source cur- 
rent for the LEDs. The switch is off during ini- 
tialization to allow reading of PROG1-4 pull-up 
or pull-down program resistors. LOOM is high 
impedance when the display is off. 

SEGi- LED display segment outputs 
SEGs 

Each output may activate an LED to sink 
the current sourced from LOOM, the battery, 
or Vcc- 

PROGi- Programmed full count selection inputs 
PROG4 (dual function with SEGi - SEG4) 

These three-level input pins define the pro- 
grammed full count (PFC) in conjunction 
with SPFC pin, define the display mode and 
enable or disable self-discharge. 

SPFC Programmed full count selection input 

This three-level input pin along with PROG 1-3 
define the programmed full count (PFC) 
thresholds described in Table 1. The state of 
the SPFC pin is only read immediately after 
a reset condition. 

SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the low side of 
the sense resistor and battery pack ground 
(see Figure 1 ). Vsr > Vss indicates discharge, 
and Vsr < Vss indicates charge. The effec- 
tive voltage drop, Vsro, as seen by the 
bq 2011 K is Vsr + Vos (see Table 4). 


2/18 


NC No connect 

DISP Display control input 

DISP floating allows the LED display to 
be active during certain charge an d dis- 
charge conditions. Transitioning DISP 
low activates the display for 4 ± 0.5 seconds. 

SB Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resis- 
tive divider network for the end-of-discharge 
voltage (EDV) threshold and maximum cell 
voltage (MCV). 

RBI Register backup input 

This input is used to provide backup poten- 
tial to the bq2011K registers during periods 
when Vcc < 3V. A storage capacitor should 
be connected to RBI. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 

General Operation 

The bq2011K determines battery capacity by monitoring 
the amount of charge input to or removed from a recharge- 
able battery. The bq2011K measures discharge and charge 
currents, estimates self-discharge, monitors the battery for 
low-battery voltage thresholds, and compensates for tem- 
perature and charge/discharge rates. The charge measure- 
ment is made by monitoring the voltage across a small- 
value series sense resistor between the battery’s negative 
terminal and ground. The available battery charge is de- 
termined by monitoring this voltage over time and correct- 
ing the measurement for the environmental and operating 
conditions. 



Figure 1. Application Diagram: LED Display, Absolute Mode 

3/18 


Figure 1 shows a typical battery pack application of the 
bq2011K using the LED display with absolute mode as a 
charge-state indicator. The absolute display mode uses 
the programmed full count (PFC) as the full reference, 
forcing each segment of the display to represent a fixed 
amount of charge. A push-button display feature is 
available for momentarily enabling the LED display. 

The bq2011K monitors the charge and discharge cur- 
rents as a voltage across a sense resistor (see Rs in Fig- 
ure 1). A filter between the negative battery terminal 
and the SR pin may be required if the rate of change of 
the battery current is too great. 

Register Backup 

The bq2011K RBI input pin is intended to be used with 
a storage capacitor to provide backup potential to the in- 
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temal bq2011K registers when Vcc momentarily drops be- 
low 3.0V. Vcc is output on RBI when Vcc is above 3.0V. 

After Vcc rises above 3.0V, the bq2011K checks the internal 
registers for data loss or corruption. If data has changed, 
then the NAC register is cleared, and the LMD register is 
loaded with the initial PFC. 

Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2011K monitors the single-cell battery po- 
tential through the SB pin. The single-cell voltage poten- 
tial is determined through a resistor-divider network per 
the following equation: 



where N is the number of cells, RBi is connected to the 
positive battery terminal, and RB 2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). The EDV thresh- 
old level is used to determine when the battery has 
reached an "empty” state, and the MCV threshold is used 
for fault detection during charging. The MCV threshold 
for the bq2011K is fixed at: 

Vmcv = 2.00 V 

The EDV threshold varies as a function of discharge cur- 
rent as follows: 


Vsro (mV) 

> 

8 

Li. 

> 

0 < V SRO < 10 

1.160 

10 < V SR0 < 20 

1.124 

20 < V C1 ,„ < 40 

1.060 

40 < V SRO < 60 

0.960 

Vsro > 60 

0 (OVLD) 


Reset 

Reset can be accomplished with a command over the se- 
rial port as described on page 13. 

Temperature 

The bq2011K internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 
compensations, self-discharge counting, and available 
charge display translation. The temperature range is 
available over the serial port in 10°C increments as 
shown below: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to ^10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2011K measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule of 
a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable noise 
on the small signal nodes. Additionally: 

■ The capacitors (SB and Vcc) should be placed as 
close as possible to the SB and Vcc pins, respectively, 
and their paths to Vss should be as short as possible. 
A high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

■ The sense resistor (Rs) should be as close as possible 
to the bq2011K. 

■ The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed 20K. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2011K. The bq2011K accu- 
mulates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. Charge currents 
are temperature and rate compensated, whereas self- 
discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
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the NAC register and increment the DCR (Discharge 2. 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2011K adapts its capacity determination based on the 
actual conditions of discharge. 

The battery’s initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 1. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of V cc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV. A qualified discharge is necessary for a ca- 
pacity transfer from the DCR to the LMD register. 

The LMD also serves as the 100% reference thresh- 
old used by the relative display mode. 


Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PFC. The PFC also provides the 
100% reference for the absolute display mode. The 
bq2011K is configured for a given application by se- 
lecting a PFC value from Table 1. The correct PFC 
may be determined by multiplying the rated bat- 
tery capacity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (Q) = ^ 

PFC (mVh) Kpg;l 

Jl 

Selecting a PFC slightly less than the rated capac- ||||||J 
ity for absolute mode provides capacity above the 
full reference for much of the battery’s life. 


Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.002Q 
Number of cells = 6 
Capacity = 1800mAh, NiCd cells 
Current range = 1A to 80A 
Absolute display mode 
Self-discharge = % 0 

Voltage drop across sense resistor = 2mV to 160mV 


Inputs 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 


Charge Discharge Self-Discharge 

Current Current Timer 



Chip-Controlled Serial 

Available Charge Port 

LED Display 

FG201104.eps 


Figure 2. Operational Overview 
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Therefore: 

1800mAh * 0.002Q = 3.6mVh 

Select: 

PFC = 35840 counts or 3.39mVh 
SPFC = Z (float) 

PROG1, PROG2 = H or Z 
PROG3 = L 
PROG4 = H or Z 

The initial hill battery capacity is 3.39mVh (1695mAh) un- 
til the bq2011K “learns” a new capacity with a qualified 
discharge from full to EDV. 


3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self dis- 
charge to 0. NAC is reset to 0 on initialization and 
on the first valid charge following discharge to EDV. 
To prevent overstatement of charge during periods 
of overcharge, NAC stops incrementing when NAC 
= LMD. 

Note: NAC is set to the value in LMD when 
PROG 4 is pulled low during a reset. 


Table 1. bq2011K Programmed Full Count mVh Selections 


Programmed 

Full Count (PFC) 

mVh 

Scale 

Display 

Mode 

SPFC 

PROGi 

PROG 2 

PROG 3 

40192 

3.81 

/'10560 

i 

Absolute 

H 

H or Z 

H or Z 

H or Z 

32256 

3.05 

/'10560 

Z 

H or Z 

H or Z 

H or Z 

28928 

2.74 

/{()560 

L 

H or Z 

H or Z 

H or Z 

25856 

2.45 

X()560 

H 

L 

H or Z 

H or Z 

35840 

3.39 

}l0560 

z 

L 

H or Z 

H or Z 

23296 

2.21 

)l0560 

L 

L 

H or Z 

H or Z 


Table 2. Programmed Self-Discharge 


PROG 4 

NAC Reset Value 

Self-Discharge 

H or Z 

NAC = 0 

Enabled 

L 

NAC = PFC 

Disabled 
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4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge incre- 
ment the DCR. After NAC = 0, only discharge in- 
crements the DCR. The DCR resets to 0 when NAC 
= LMD. The DCR does not roll over but stops 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to V EDV if: 

No valid charge initiations (charges greater than 
256 NAC counts; or 0.006 - 0.01C) occurred during 
the period between NAC = LMD and EDV detected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is > 0°C when the EDV level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a negative voltage 
on the Vsr input. If charge activity is detected, the 
bq2011K increments NAC at a rate proportional to Vsro 
(Vsr + Vos) and, if enabled, activates an LED display 
if Vsro < -2mV. Charge actions increment the NAC af- 
ter compensation for charge rate and temperature. 

The bq2011K determines a valid charge activity sus- 
tained at a continuous rate equivalent to Vsro < -400gV. 
A valid charge equates to a sustained charge activity 
greater than 256 NAC counts. Once a valid charge is de- 
tected, charge counting continues until Vsro rises 
above -400pV. 

Discharge Counting 

All discharge counts where Vsro > 500pV cause the 
NAC register to decrement and the DCR to increment. 
Exceeding the fast discharge threshold (FDQ) if the rate 
is equivalent to Vsro > 2mV activates the display, if en- 
abled. The display remains active for 10 seconds after 
Vsro falls below 2mV. 


Self-Discharge Estimation 

The bq2011K continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tem- 
perature. The self-discharge count rate is programmed 
to be a nominal y 80 * NAC rate per day or disabled per 
Table 2. This is the rate for a battery temperature be- 
tween 20-30°C. The NAC register cannot not be decre- 
mented below 0. 

Count Compensations 

The bq2011K determines fast charge when the NAC up- 
dates at a rate of >2 counts/sec. Charge activity is com- 
pensated for temperature and rate before updating the 
NAC and/or DCR. Self-discharge estimation is compen- 
sated for temperature before updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency factors are used for trickle charge 
and fast charge. Fast charge is defined as a rate of 
charge resulting in > 2 NAC counts/sec (> 0.15C to 0.32C 
depending on PFC selections; see Table 1). The compen- 
sation defaults to the fast charge factor until the actual 
charge rate is determined. 

Temperature adapts the charge rate compensation fac- 
tors over three ranges between nominal, warm, and hot 
temperatures. The compensation factors are shown below. 


Charge 

Temperature 

Trickle Charge 
Compensation 

Fast Charge 
Compensation 

<30°C 

0.80 

0.95 

30-50°C 

0.75 

0.90 

> 50°C 

0.70 

0.85 


Discharge Compensation 

Corrections for the rate of discharge are made by adjust- 
ing EDV thresholds. The compensation factor used dur- 
ing discharge is set to 1.00 for all rates and tempera- 
tures. The recoverable charge at colder temperatures is 
adjusted for display purposes only. See page 13. 
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Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of y 80 * NAC per day or disabled. This is 
the rate for a battery within the 20-30°C temperature 
range (TMPGG = 6x). This rate varies across 8 ranges 
from <10°C to >70°C, doubling with each higher tem- 
perature step (10°C). See Table 3. 


Table 3. Self-Discharge Compensation 


Temperature 

Range 

Self-Discharge Compensation 
Typical Rate/Day 

< 10°C 

NA %0 

10-20°C 

NA %0 

20-30°C 

NAC/ 

/80 

30-40°C 

NAC/ 

/40 

40-50°C 

NAC/ 

/20 

50-60°C 

NAC/ 

/io 

60-70°C 

NA % 

> 70°C 

NAC/ 

/2.5 


Error Summary 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated (see the 
DCR description in the “Layout Considerations” section). 
The other cause of LMD error is battery wear-out. As 
the battery ages, the measured capacity must be ad- 
justed to account for changes in actual battery capacity. 


Current-Sensing Error 

Table 4 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and 
discharge counts to the NAC register when Vsro (Vsr + 
Vos) is between -400pV and 500pV. 

Communicating With the bq2011K 

The bq2011K includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2011K registers. Battery char- 
acteristics may be easily monitored by adding a single con- 
tact to the battery pack. The open-drain DQ pin on the 
bq2011K should be pulled up by the host system, or may be 
left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2011K. 
The command directs the bq2011K to either store the 
next eight bits of data received to a register specified by 
the command byte or output the eight bits of data speci- 
fied by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 
either polled or interrupt processing. Data input from the 
bq2011K may be sampled using the pulse-width capture 
timers available on some microcontrollers. 

Communication is normally initiated by the host proces- 
sor sending a BREAK command to the bq2011K. A 
BREAK is detected when the DQ pin is driven to a 
logic-low state for a time, tB or greater. The DQ pin 
should then be returned to its normal ready-high logic 
state for a time, tBR. The bq2011K is now ready to re- 
ceive a command from the host processor. 

The retum-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmission 
by either the host or the bq2011K taking the DQ pin to a 


Table 4. bq2011K Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 
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logic-low state for a period, tsTRH,B- The next section is the 
actual data transmission, where the data should be valid by 
a period, tDSU, after the negative edge used to start commu- 
nication. The data should be held for a period, tDV, to allow 
the host or bq2011K to sample the data bit. 

The final section is used to stop the transmission by return- 
ing the DQ pin to a logic-high state by at least a period, 
tssu, after the negative edge used to start communication. 
The final logic-high state should be held until a period, tsv, 
to allow time to ensure that the bit transmission was 
stopped properly. The timings for data and break communi- 
cation are given in the serial communication timing specifi- 
cation and illustration sections. 

Communication with the bq2011K is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2011K NAC register. 

bq201 1 K Registers 

The bq2011K command and status registers are listed in 
Table 5 and described below. 


The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 

The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2011K outputs the requested regis- 
ter contents specified by the address por- 
tion of CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 

The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2011K. 
The CMDR register contains two fields: 

■ W/R bit 

■ Command address 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 


AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2011K flags. 


Written by Host to bq201 1 K 
CMDR = 03h 


Received by Host to bq201 1 K 
NAC = 65h 


LSB MSB 

Break 1 1 0 0 0 0 0 0 


LSB MSB 

10 10 0 110 


rijTMJimijinnjinnjMU 


TD201103.eps 


Figure 3. Typical Communication With the bq2011K 
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Table 5. bq2011 K Command and Status Registers 


Symbol 

Register 

Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

CMDR 

Command 

register 

OOh 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary 
status flags 
register 

Olh 

Read 

CHGS 

BRP 

MCV 

n/u 

VDQ 

n/u 

EDV 

n/u 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal 
available 
charge high 
byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal 
available 
charge low 
byte register 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID7 

BATID6 

■ 

BATID5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last meas- 
ured dis- 
charge regis- 
ter 

05h 

R/W 

LMD7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

OCTL 

Output con- 
trol register 

Oah 

Write 

1 

OC5 

OC4 

OC3 

OC2 

OC1 

n/u 

OCE 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro < -400qV. A Vsro of greater than- 
400|liV or discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

“1 

- 

- 

- 

- 

- 

- 


Where CHGS is: 


0 Either discharge activity detected or Vsro > 
-400pV 

1 Vsro < -400qV 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), Vsb, rises 
above 0.1V and determines the internal registers have 
been corrupted. The BRP flag is also set when the 
bq2011K is reset (see the RST register description). 
BRP is cleared if either the bq2011K is charged until 
NAC = LMD or discharged until EDV is reached. BRP = 
1 signifies that the device has been reset. 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

- 

- 

- 



Where BRP is: 


0 bq2011K is charged until NAC = LMD or 
discharged until the EDV flag is asserted 

1 Initial or full Vcc reset, or a serial port ini- 
tiated reset has occurred 

The maximum cell voltage flag (MCV) is asserted 
whenever the potential on the SB pin (relative to Vss) is 
above 2.0V. The MCV flag is asserted until the condition 
causing MCV is removed. 


The MCV values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

MCV 

- 


- 

- 

- 


Where MCV is: 

0 Vsb < 2.0V 

1 Vsb > 2.0V 


The valid discharge flag (VDQ) is asserted when the 
bq2011K is discharged from NAC=LMD. The flag re- 


mains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action equal to 256 NAC counts with 
Vsro < -400pV. 

■ The EDV flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 


- 

VDQ 

- 

- 

- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The end-of-discharge warning flag (EDV) warns the 
user that the battery is empty. SEG1 blinks at a 4Hz 
rate. EDV detection is disabled if OVLD = 1. The EDV 
flag is latched until a valid charge has been detected. 


The EDV values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 


- 

- 

- 

EDV 

- 


Where EDV is: 

0 Valid charge action detected 

1 Vsb < Vedv 


Temperature and Gas Gauge Register (TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 


1 

0 

TMP3 

TMP2 

TMP1 

TMP0 

- 

- 

- 



The bq2011K contains an internal temperature sensor. 
The temperature is used to set charge efficiency factors 
as well as to adjust the self-discharge coefficient. The 
temperature register contents may be translated as 
shown in Table 6. 
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Table 6. Temperature Register Contents 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


The bq2011K calculates the available charge as a func- 
tion of NAC, temperature, and a full reference, either 
LMD or PFC. The results of the calculation are avail- 
able via the display port or the gas gauge field of the 
TMPGG register. The register is used to give available 
capacity in y 16 increments from 0 to ^ 6 . 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

GG3 

GG2 

GG1 

GGO 


The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece-wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>o°c 

NAC / “Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / “Full Reference” 

< -20°C 

0.5 * NAC / “Full Reference” 


The adjustment between > 0°C and -20°C < T < 0°C has 
a 4°C hysteresis. 

Nominal Available Charge Register (NAC) 

The read/write NACH register (address=03h) and the 
read-only NACL register (address=17h) are the main 
gas gauging registers for the bq2011K. The NAC regis- 
ters are incremented during charge actions and decre- 
mented during discharge and self-discharge actions. 
The correction factors for charge/discharge efficiency are 
applied automatically to NAC. 

If SEG 4 = 0 on reset, then NACH = PFC and NACL = 0. 
If SEG 4 = Z or H, the NACH and NACL registers are 
cleared to zero. NACL stops counting when NACH 
reaches zero. When the bq2011K detects a valid charge, 
NACL resets to zero; writing to the NAC register affects 
the available charge counts and, therefore, affects the 
bq201 IK gas gauge operation. 

Battery Identification Register (BAUD) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2011K. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2011K uses as a measured full reference. The 
bq2011K adjusts LMD based on the measured discharge 
capacity of the battery from full to empty. In this way 
the bq2011K updates the capacity of the battery. LMD 
is set to PFC during a bq2011K reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2011K flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 


The CR values are: 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CR 

- 

- 

- 

_ 

- 


- 


Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 
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The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

DR2 

DR1 

DRO 



" 



They are used to determine the present discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

VsRo(mV) 

0 

0 

0 

0 < Vsro - 

0 

0 

1 

10 < V SR0 ^ 20 

0 

1 

0 

20 < V SE0 < 40 

0 

1 

1 

40 < V SRO < 60 

1 

0 

0 

Vsro > 60 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, Vsro > 60mV. OVLD remains as- 
serted as long as the condition is valid. 


FLGS2 Bits 

7 

6 

_LJ 

4 

3 

2 

1 1 ° 


- 

l“” 

- 


- 

- OVLD 


Output Control Register (OCTL) 

The write-only OCTL register (address=0ah) provides the 
system with a means to check the display connections for 
the bq2011K. The segment drivers may be overwritten by 
data from OCTL when the least-significant bit of OCTL, 
OCE, is set. The data in bits OC 5-1 of the OCTL register 
(see Table 5 for details) is output onto the segment pins, 
SEG 5 - 1 , respectively if OCE=l. Whenever OCE is written 
to 1, the MSB of OCTL should he set to a 1. The OCE reg- 
ister location must be cleared to return the bq2011K to 
normal operation. OCE may be cleared by either writing 
the bit to a logic zero via the serial port or by resetting the 
bq2011K as explained below. Note: Whenever the OCTL 
register is written, the MSB of OCTL should be written to a 
logic one. 


Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. A full 
device reset may be accomplished by first writing LMD 
(address = 05h) to OOh and then writing the RST regis- 
ter contents from OOh to 80h. Setting any hit other than 
the most- significant hit of the RST register is not al- 
lowed, and results in improper operation of the 
bq2011K. 

Resetting the bq2011K sets the following: 

■ LMD = PFC 

■ VDQ, OCE, and NAC = 0 
(NAC = PFC when PROG 4 = L) 

■ BRP = 1 

Display 

The bq2011K can directly display capacity information 
using low-power LEDs. If LEDs are used, the segment 
pins should be tied to Vcc, the battery, or the LCOM pin 
through resistors for programming the bq2011K. 

The bq2011K displays the battery charge state in abso- 
lute mode. In absolute mode, each segment represents a 
fixed amount of charge, based on the initial PFC. In ab- 
solute mode, each segment represents 20% of the PFC. 
As the battery wears out over time, it is possible for the 
LMD to be below the initial PFC. In this case, all of the 
LEDs may not turn on, representing the reduction in 
the actual battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does not 
affect the NAC register. The temperature adjustments are 
detailed in the TMPGG register description. 

When DISP is tie d to Vcc, the SEGi_s outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive during charge if the NAC registers are counting at a 
rate equivalent to Vsro < -2mV or fast discharge if the 
NAC registers are co unting at a rate equivalent to Vsro 
> 2mV. When DISP is left floating, the display also be- 
comes active after the detection of a discharge signal 
with a minimum amplitude of Vsr > 20mV (10A for Rs = 
0.002 Q) and a minimum pulse width of 25ms. When 
DISP is pulled low, the segment outputs become active 
for 4s, ±0.5s. 
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The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedv to indicate a low-battery condi- 
tion or NAC is less than 10% of PFC. 


Microregulator 

The bq2011K can operate directly from 4 cells. To facili- 
tate the power supply requirements of the bq2011K, an 
REF output is provided to regulate an external low- 
threshold n-FET. A micropower source for the bq2011K 
can be inexpensively built using the FET and an exter- 
nal resistor. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

7.0 

V 


All other pins 

Relative to Vss 

-0.3 

7.0 

V 


Vsr 

Relative to Vss 

-0.3 

7.0 

V 

Minimum 1000 series resistor 
should be used to protect SR in case 
of a shorted battery (see the 
bq2011K application note for 
details). 

Topr 

Operating temperature 

0 

70 

°C 

Commercial 

-40 

85 

°C 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6 .sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedv 

End-of-discharge warning 

0.96 * Vedv 

Vedv 

1.04 * Vedv 

V 

SB 

VsRQ 

Valid charge 

- 

- 

-400 

HV 

Vsr + Vos 

VsRD 

Valid discharge 

500 

- 


jiV 

Vsr + Vos 

Vmcv 

Maximum single-cell voltage 

1.95 

2.0 

2.05 

V 

SB 


Note: For proper operation of the threshold detection circuit, Vcc must be at least 1.5V greater than the volt- 

age being measured. 
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DC Electrical Characteristics (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

VOS 

Offset referred to Vsr 

- 

±50 

±150 

RV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

i— i 

§ 

ii 

■p 

> 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MG 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

pA 

Vcc = 3.0V, DQ = 0 

- 

120 

180 

M 

V cc = 4.25V, DQ = 0 

- 

170 

250 

HA 

Vcc = 6.5V, DQ = 0 

V SB 

Battery input 

0 


Vcc 

V 


RsBmax 

SB input impedance 

10 

_ 

. 

MG 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 


5 

HA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 


0.2 

HA 

DISP = Vcc 

Irbi 

RBI data-retention current 

- 

- 

100 

nA 

Vrbi > Vcc < 3V 

Rdq 

Internal pulldown 

500 

- 


KG 


VSR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr > Vss = discharge; 

Vsr < Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

MG 

-200mV < Vsr < Vcc 

VlHPFC 

PROG/SPFC logic input high 

Vcc - 0.2 

- 

. 

V 

SPFC, PROG 1-4 

VlLPFC 

PROG/SPFC logic input low 

_ 

_ 

Vss + 0.2 

V 

SPFC, PROG 1-4 

VlZPFC 

PROG/SPFC logic input Z 

float 

- 

float 

V 

SPFC, PROG 1-4 

IlHPFC 

PROG/SPFC input high cur- 
rent 

- 

1.2 

- 

HA 

Vpfc = Vcc/2 

IlLPFC 

PROG/SPFC input low current 


1.2 

- 

pA 

Vpfc = Vcc/2 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 5 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEG 1 -SEG 5 

VOHML 

LCOM output high, low Vcc 

Vcc - 0.3 


- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

VoHMH 

LCOM output high, high Vcc 

Vcc - 0.6 

" 

- 

V 

Vcc = 6.5V, Iohlcom = -33.0mA 

lOHLCOM 

LCOM source current 

-33 


- 

mA 

At Vohlcom = Vcc - 0.6V 

IOLS 

SEGx sink current 

11.0 

_ 

- 

mA 

At Volsh = 0.4V, Vcc = 6.5V 

IOL 

Open-drain sink current 

5.0 

- 

- 

mA 

At Vol = Vss + 0.3V, DQ 

VoL 

Open-drain output low 


_ 

0.5 

V 

Iol ^ 5mA, DQ 

Vihdq 

DQ input high 

2.5 

- 

. 

V 

DQ 

Vildq 

DQ input low 

- 

- 

0.8 

V 

DQ 

Rfloat 

Float state external impedance 

- 

5 

- 

MG 

SPFC, PROG 1-4 


Note: All voltages relative to Vss- 
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Serial Communication Timing Specification (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2011K 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2011K to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2011K 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2011K to host 

500 

- 

- 

|LIS 


tDSU 

Data setup 

- 

- 

750 

M'S 


tDH 

Data hold 

750 

- 

- 

ps 


tDV 

Data valid 

1.50 

- 


ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 


ps 


tsv 

Stop valid 

2.95 

- 


ms 


tB 

Break 

3 

- 


ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing Illustration 



TD201002.eps 
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Data Sheet Revision History 


Change No. 

Page No. 

Description Nature of Change 

1 

6 

Removed relative display mode from Table 1 | Correction 


Notes: Change 1 = Oct. 1997 B changes from Oct. 1995. 


Ordering Information 


bq201 1 K 

_ Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 

— Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2011K Gas Gauge IC 


* Contact factory for availability. 
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UIMITRODE 


bq2012 



Features 

> Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

> Charge control output 

> Designed for battery pack inte- 
gration 

- 120pA typical standby current 
(self-discharge estimation mode) 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

>■ Integrate within a system or as a 
stand-alone device 

- Display capacity via single- 
wire serial communication 
port or direct drive of LEDs 

> Measurements compensated for 
current and temperature 

>* Self-discharge compensation us- 
ing internal temperature sensor 

>■ 16-pin narrow SOIC 


Gas Gauge 1C With 
Slow-Charge Control 


General Description 

The bq2012 Gas Gauge IC is in- 
tended for battery-pack or in-system 
installation to maintain an accurate 
record of available battery charge. 
The IC monitors a voltage drop 
across a sense resistor connected in 
series between the negative battery 
terminal and ground to determine 
charge and discharge activity of the 
battery. 

Self-discharge of NiMH and NiCd 
batteries is estimated based on an 
internal timer and temperature sen- 
sor. Compensations for battery tem- 
perature and rate of charge or dis- 
charge are applied to the charge, 
discharge, and self-discharge calcu- 
lations to provide available charge 
information across a wide range of 
operating conditions. Battery capac- 
ity is automatically recalibrated, or 
“learned,” in the course of a dis- 
charge cycle from full to empty. 

The bq2012 includes a charge con- 
trol output that, when used with 
other full-charge safety termination 
methods, can provide a cost-effective 


means of controlling charge based 
on the battery's charge state. 

Nominal available charge may be di- 
rectly indicated using a five- or six- 
segment LED display. These seg- 
ments are used to graphically indi- 
cate nominal available charge. 

The bq2012 supports a simple 
single-line bidirectional serial link to 
an external processor (common 
ground). The bq2012 outputs battery 
information in response to external 
commands over the serial link. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, battery status, and programming 
pin settings. To support subassembly 
testing, the outputs may also be con- 
trolled. The external processor may 
also overwrite some of the bq2012 gas 
gauge data registers. 

The bq2012 may operate directly 
from three or four cells. With the 
REF output and an external transis- 
tor, a simple, inexpensive regulator 
can be built to provide Vcc across a 
greater number of cells. 


Pin Connections 




TZ7 


LCOM \2 

1 

16 

□ Vcc 

SEG-1/PROG1 \2 

2 

15 

2 \ REF 

SEG2/PROG2 \Z 

3 

14 

2 } CHG 

SEG3/PROG3 \2 

4 

13 

2 \ dq 

SEG4/PROG4 \2 

5 

12 

2\ EMPTY 

SEG5/PROG5 \2 

6 

11 

2i SB 

seg6/prog 6 c 

7 

10 

2 \ DISP 

VssC 

8 

9 

2 \ SR 

16-Pin Narrow SOIC 



PN201201.eps 
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Pin Names 

LCOM LED common output 

SEG1/PROG1 LED segment 1/ 
program 1 input 

SEG2/PROG2 LED segment 2/ 
program 2 input 

SEG3/PROG3 LED segment 3/ 
program 3 input 

SEG4/PROG4 LED segment 4/ 
program 4 input 

SEG5/PROG5 LED segment 5/ 
program 5 input 

SEG6/PROG6 LED segment 6/ 
program 6 input 


REF 

Voltage reference output 

CHG 

Charge control output 

DQ 

Serial communications 
input/output 

EMPTY 

Empty battery indicator 
output 

SB 

Battery sense input 

DlSP 

Display control input 

SR 

Sense resistor input 

Vcc 

3.0-6.5V 

V SS 

System ground 
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Pin Descriptions 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off dur- 
ing initialization to allow reading of the soft 
pull-up or pull-down program resistors. 
LCOM is also high impedance when the dis- 
play is off. 

SEGi- LED display segment outputs (dual func- 

SEG 6 tion with PROGi-PROGe) 

Each output may activate an LED to sink 
the current sourced from LCOM. 

PROGi- Programmed full count selection inputs 
PROG2 (dual function with SEG1-SEG2) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Gas gauge rate selection inputs (dual 
PROG4 function with SEG3-SEG4) 

These three-level input pins define the scale 
factor described in Table 2. 

PROG5 Self-discharge rate selection (dual func- 
tion with SEG5) 

This three-level input pin defines the selfdis- 
charge compensation rate shown in Table 1. 

PROG 6 Display mode selection (dual function 
with SEG 6 > 

This three-level pin defines the display op- 
eration shown in Table 1. 

CHG Charge control output 

This open-drain output becomes active low 
when charging is allowed. Valid charging 
conditions are described in the Charge Con- 
trol section. 


SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the high side of 
the sense resistor. Vsr < Vss indicates dis- 
charge, and Vsr > Vss indicates charge. The 
effective voltage drop (Vsro) as seen by the 
bq2012 is Vsr + Vos (see Table 5). 

DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc allows PROGx to connect directly 
to Vcc or Vss instea d of th rough a pull-up or 
pull-down resistor. DISP floating allows the 
LED display to be active during a valid 
charge or during discharge if the NAC regis- 
ter is u pdated at a rate equivalent to Vsro ^ 
-4mV. DISP low activates the display. See 
Table 1. 

SB Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resis- 
tive divider network for end-of-discharge 
voltage (EDV) thresholds, maximum charge 
voltage (MCV), and battery removed. 

EMPTY Battery empty output 

This open-drain output becomes high- 
impedance on detection of a valid end-of- 
discharge voltage (Vedvf) and is low following 
the next application of a valid charge. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 

General Operation 

The bq2012 determines battery capacity by monitoring 
the amount of charge input to or removed from a re- 
chargeable battery The bq2012 measures discharge and 
charge currents, estimates self-discharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and charge/discharge rates. The 
charge measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the envi- 
ronmental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2012 using the LED display capability as a charge- 
state indicator. The bq2012 can be configured to display 
capacity in either a relative or an absolute display mode. 
The relative display mode uses the last measured dis- 
charge capacity of the battery as the battery “full” refer- 
ence. The absolute display mode uses the programmed 
full count (PFC) as the full reference, forcing each seg- 
ment of the display to represent a fixed amount of 
charge. A push-button display feature is available for 
momentarily enabling the LED display. 

The bq2012 monitors the charge and discharge currents 
as a voltage across a sense resistor (see Rs in Figure 1). 
A filter between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current is too great. 



The value of R1 depends on the number of cells. 

Programming resistors (6 max.) and ESD-protection diodes are not shown. 

R-C on SR may be required (application-specific), where the R 
should not exceed 100k. 

FG201201.eps 


Figure 1. Battery Pack Application Diagram — LED Display 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2012 monitors the single-cell battery po- 
tential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor/divider network 
per the following equation: 


where N is the number of cells, RBi is connected to the 
positive battery terminal, and RB 2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). EDV threshold 
levels are used to determine when the battery has 
reached an “empty” state, and the MCV threshold is used 
for fault detection during charging. 

Two EDV thresholds for the bq2012 are fixed at: 

EDV1 (early warning) = 1.05V 

EDVF (empty) = 0.95V 

If Vsb is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, independ- 
ent of Vsb, until the next valid charge. 

During discharge and charge, the bq2012 monitors Vsr 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if Vsr < -250mV typical and resumes y 2 sec- 
ond after Vsr > -250mV. 

EMPTY Output 

The EMPTY output switches to high impedance when 
Vsb < Vedf and remains latched until a valid charge oc- 
curs. The bq2012 also monitors Vsb relative to Vmcv, 
2.25V. Vsb falling from above Vmcv resets the device. 

Reset 

The bq2012 recognizes a valid battery whenever Vsb is 
greater than 0.1V typical. Vsb rising from below 0.25V 
or falling from above 2.25V resets the device. Reset can 
also be accomplished with a command over the serial 
port as described in the Register Reset section. 

Temperature 

The bq2012 internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 
compensations, self-discharge counting, and available 
charge display translation. The temperature range is 


available over the serial port in 10°C increments as 
shown below: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2012 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (SB and Vcc) should be placed as 
close as possible to the SB and Vcc pins, respectively, 
and their paths to Vss should be as short as possible. 
A high-quality ceramic capacitor of O.lpf is 
recommended for Vcc. 

■ The sense resistor (Rs) should be as close as possible 
to the bq2012. 

■ The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed 100K. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2012. The bq2012 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 2. 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2012 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery’s initial capacity is equal to the programmed 
full count (PFC) shown in Table 2. Until LMD is up- 
dated, NAC counts up to but not beyond this threshold 
during subsequent charges. This approach allows the 
gas gauge to be charger-independent and compatible 
with any type of charge regime. 


Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of V cc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a ca- 
pacity transfer from the DCR to the LMD register. 

The LMD also serves as the 100% reference thresh- r*" 
old used by the relative display mode. : 

Programmed Full Count (PFC) or initial bat- i I 
tery capacity: *\ 

The initial LMD and gas gauge rate values are pro- 
grammed by using PROG^-PROG^ The PFC also 
provides the 100% reference for the absolute dis- 
play mode. The bq2012 is configured for a given ap- 
plication by selecting a PFC value from Table 2. 

The correct PFC may be determined by multiplying 
the rated battery capacity in mAh by the sense re- 
sistor value: 

Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity for absolute mode provides capacity above the 
full reference for much of the battery’s life. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 


Discharged 

(LMD) 


Qualified Register 
Transfer (DCR) 


Temperature 

Translation 


I ; 

Chip-Controlled Serial 

Available Charge Port 
LED Display 


Temperature Step, 
Other Data 


Figure 2. Operational Overview 
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Example: Selecting a PFC Value 

Given: 

Sense resistor = 0 . IQ 

Number of cells = 6 

Capacity = 2200mAh, NiCd battery 

Current range = 50mA to 2A 

Absolute display mode 

Serial port only 

Self-discharge = % 4 

Voltage drop over sense resistor = 5mV to 200mV 
Therefore: 

2200mAh * 0.1G = 220mVh 


Select: 

PFC = 33792 counts or 211mVh 

PROGi = float 

PROG 2 = float 

PROG 3 = float 

PROG 4 = low 

PROG 5 = float 

PROG6 = float 

The initial full battery capacity is 211mVh 
(2110mAh) until the bq2012 “learns” a new capac- 
ity with a qualified discharge from full to EDV 1 . 


Table 1. bq2012 Programming 


Pin 

PROGs 

PROGe 

DISP 

Connection 

Self-Discharge Rate 

Display Mode 

Display State 

H 

Self-discharge disabled 

NAC = PFC on reset 

LED disabled 

7 

NAC/ 

Absolute 

LED enabled on discharge when 


/ 64 

Vsro < -4m V or during a valid charge 

L 

NA % 

Relative 

LED on 


Note: PROG 5 and PROG6 states are independent. 


Table 2. bq2012 Programmed Full Count mVh Selections 


PROG x 

Programmed 

Full 

Count 

(PFC) 

PROG 4 = L 

PROG4 = z 

Units 

1 

2 

PROG3 = H 

PROG3 = z 

PROG3 = L 

PROG3 = H 

PROG3 = Z 

PROG3 = L 

- 

- 

- 

Scale = 

1/80 

Scale = 
1/160 

Scale = 
1/320 

Scale = 
1/640 

Scale = 
1/1280 

Scale = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

Vsr is equivalent to 2 
counts/sec. (nom.) 

90 

45 

22.5 

11.25 

5.56 

2.8 

mV 
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3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum 
value of LMD and down during discharge and 
self-discharge to 0. NAC is reset to 0 on initializa- 
tion (PROG 6 = Z or low) and on reaching EDV1. NAC 
is set to PFC on initialization if PROG 6 = high. To 
prevent overstatement of charge during periods of 
overcharge, NAC stops incrementing when NAC = 
LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. DCR stops counting when 
EDV 1 is reached. Prior to NAC = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After NAC = 0, only discharge increments the 
DCR. The DCR resets to 0 when NAC = LMD. The 
DCR does not roll over but stops counting when it 
reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to V EDV1 if: 

No valid charge initiations (charges greater than 
256 NAC counts; where Vsro > Vsrq) occurred dur- 
ing the period between NAC = LMD and EDV1 de- 
tected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is > 0°C when the EDV1 level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the Vsr input. If charge activity is detected, the 
bq2012 increments NAC at a rate proportional to Vsro 
(Vsr + Vos) and, if enabled, activates the LED display if 
the rate is equivalent to Vsro > 4m V. Charge actions in- 
crement the NAC after compensation for charge rate 
and temperature. 

The bq2012 determines charge activity sustained at a 
continuous rate equivalent to Vsro > Vsrq. A valid 
charge equates to sustained charge activity greater than 
256 NAC counts. Once a valid charge is detected, charge 
counting continues until Vsro falls below Vsrq. Vsrq is 
a programmable threshold as described in the Digital 
Magnitude Filter section. The default value for Vsrq is 
375jiV. 


Charge Control 


Charge control is provided by the CHG output. This 
output is asserted continuously when: 

NAC < 0.94 * LMD and 
0.95V <V S b< 2.25V and 
0°C < Temp < 50°C and 
BRM = 0 

This output is asserted at a y 16 duty cycle (low for 0.5 sec 
and high for 7.5 sec) when the above conditions are not 
met and: 

NAC < LMD and 
0.95V <Vsb< 2.25V and 
Temp < 50°C and 
BRM = 0 

This output is also asserted at a y 16 duty cycle (low for 0.5 sec 
and high for 7.5 sec) for a 2-hour top-off period after: 

NAC = LMD and 
Temp < 50°C and 
0.95V <Vsb< 2.25V and 
BRM = 0 

This output is inactive when: 

NAC = LMD (after a 2 -hour top-off period) or 

Temp > 50°C or 

Vsb < 0.95V or 

Vsb> 2.25V or 

BRM = 1 

The top-off timer (2 hours) is reset to allow another top- 
off after the battery is discharged to 0.8 * LMD (PROG6 
= L) or 0.8 * PFC (PROGe = Z or H). 

Caution: The charge control output (CHG) should 
be used with other forms of charge termination 
such as AT/At and -AV. 

If charge terminates due to maximum temperature, the 
battery temperature must fall typically 10°C below 50°C 
before the charge output becomes active again. 

Discharge Counting 

All discharge counts where Vsro < Vsrd cause the NAC 
register to decrement and the DCR to increment. Ex- 
ceeding the fast discharge threshold (FDQ) if the rate is 
equivalent to Vsro < -4mV activates the display, if en- 
abled. The display becomes inactive after Vsro rises 
above -4mV. Vsrd is a programmable threshold as 
described in the Digital Magnitude Filter section. The 
default value for Vsrd is -300pV. 
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Self-Discharge Estimation 

The bq2012 continuously decrements NAC and increments 
DCR for self-discharge based on time and temperature. 
The self-discharge count rate is programmed to be a nomi- 
nal y 64 * NAC or y 41 * NAC per day or disabled as selected 
by PROG5. This is the rate for a battery whose tempera- 
ture is between 20°-30°C. The NAC register cannot be 
decremented below 0. 

Count Compensations 

The bq2012 determines fast charge when the NAC up- 
dates at a rate of >2 counts/sec. Charge and discharge are 
compensated for temperature and charge/discharge 
rate before updating the NAC and/or DCR. Self-dis- 
charge estimation is compensated for temperature be- 
fore updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency compensation factors are used for 
trickle charge and fast charge. Fast charge is defined as 
a rate of charge resulting in > 2 NAC counts/sec (> 0.15C 
to 0.32C depending on PFC selections; see Table 2). The 
compensation defaults to the fast charge factor until the 
actual charge rate is determined. 


Temperature adapts the charge rate compensation factors 
over three ranges between nominal, warm, and hot tem- 
peratures. The compensation factors are shown below. 


Charge 

Trickle Charge 

Fast Charge 

Temperature 

Compensation 

Compensation 

<30°C 

0.80 

0.95 

30-40°C 

0.75 

0.90 

> 40°C 

0.65 

0.80 


Discharge Compensation 

Corrections for the rate of discharge are made by adjusting 
an internal discharge compensation factor. The discharge 
factor is based on the dynamically measured Vsr. The 
compensation factors during discharge are: 


Approximate 

Vsr Threshold 

Discharge 

Compensation 

Factor 

Efficiency 

Vsr > -150 mV 

1.00 

100% 

Vsr < -150 mV 

1.05 

95% 


Temperature compensation during discharge also takes place. 
At lower temperatures, the compensation factor increases by 
0.05 for each 10°C temperature range below 10°C. 

Compensation factor = 1.0 + (0.05 * N) 
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Where N = Number of 10°C steps below 10°C and 
-150mV < Vsr < 0. 

For example: 

T > 10°C : Nominal compensation, N = 0 
0°C < T < 10°C: N = 1 (i.e., 1.0 becomes 1.05) 

-10°C < T < 0°C: N = 2 (i.e., 1.0 becomes 1.10) 

-20°C <T< -10°C: N = 3 (i.e., 1.0 becomes 1.15) 

-20°C < T < -30°C: N = 4 (i.e., 1.0 becomes 1.20) 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of y 64 * NAC or y 41 * NAC per day. This is 
the rate for a battery within the 20-30°C temperature 
range (TMPGG = 6x). This rate varies across 8 ranges 
from <10°C to >70°C, doubling with each higher tem- 
perature step (10°C). See Table 3. 


Table 3. Self-Discharge Compensation 


Temperature 

Step 

Typical Rate 

PROGs = Z 

PROGs = L 

< 10°C 

NAC /256 

NA 9i88 

10-20°C 

NAC /l28 

NA %4 

20-30°C 

NAC / 6 4 

NA % 

30-40°C 

NA % 

NA %.5 

40-50°C 

NA % 

NA %.8 

50-60°C 

NAC /s 

NA %.88 


Digital Magnitude Filter 

The bq2012 has a programmable digital filter to eliminate 
charge and discharge counting below a set threshold. The de- 
fault setting is -0.30mV for Vsrd and +0.38mV for Vsrq. The 
proper digital filter setting can be calculated using the following 
equation. Table 4 shows typical digital filter settings. 

Vsrd (mV) = -45 / DMF 

Vsrq (mV) = -1.25 * Vsrd 


Table 4. Typical Digital Filter Settings 


DMF 

DMF 

Hex. 

Vsrd 

(mV) 

Vsrq 

fmVl 

75 

4B 

-0.60 

0.75 

100 

64 

-0.45 

0.56 

150 (default) 

96 

-0.30 

0.38 

175 

AF 

-0.26 

0.32 

200 

C8 

-0.23 

0.28 
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Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated (see DCR de- 
scription). The other cause of LMD error is battery 
wear-out. As the battery ages, the measured capacity 
must be adjusted to account for changes in actual battery 
capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description) and is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been up- 
dated following 64 valid charges. 

Current-Sensing Error 

Table 5 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and dis- 
charge counts to the NAC register when Vsro (Vsr + 
Vos) is between Vsrq and Vsrd- 

Communicating With the bq2012 

The bq2012 includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2012 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain DQ pin on 
the bq2012 should be pulled up by the host system, or may 
be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2012. 
The command directs the bq2012 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 


The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 
either polled or interrupt processing. Data input from the 
bq2012 may be sampled using the pulse-width capture 
timers available on some microcontrollers. 

Communication is normally initiated by the host proces- 
sor sending a BREAK command to the bq2012. A 
BREAK is detected when the DQ pin is driven to a 
logic-low state for a time, tB or greater. The DQ pin 
should then be returned to its normal ready-high logic 
state for a time, tBR. The bq2012 is now ready to receive 
a command from the host processor. 

The return-to-one data bit frame consists of three dis- 
tinct sections. The first section is used to start the 
transmission by either the host or the bq2012 taking the 
DQ pin to a logic-low state for a period, tsTRH,B* The 
next section is the actual data transmission, where the 
data should be valid by a period, tDSU, after the negative 
edge used to start communication. The data should be 
held for a period, tDV, to allow the host or bq2012 to 
sample the data bit. 

The final section is used to stop the transmission by return- 
ing the DQ pin to a logic-high state by at least a period, 
tssu, after the negative edge used to start communication. 
The final logic-high state should be held until a period, tsv, to 
allow time to ensure that the bit transmission was stopped 
properly. The timings for data and break communication are 
given in the serial communication timing specification and 
illustration sections. 

Communication with the bq2012 is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2012 NAC register. 

bq2012 Registers 

The bq2012 command and status registers are listed in 
Table 6 and described in the following sections. 


Table 5. Current-Sensing Error as a Function of Vsr 


Symbol 

Parameter 

Typical 

Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


9/19 


4-89 





bq2012 


Table 6. bq2012 Command and Status Registers 


Symbol 

Register 

Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7fMSB) 

6 

5 

4 

3 

2 

1 

OfLSBl 

CMDR 

Command 

register 

00h 

Write 

wm 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary 
status flags 
register 

Olh 

Read 

CHGS 

BRP 

BRM 

Cl 

VDQ 

CHG 

EDV1 

EDVF 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal 
available 
charge high 
byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal 
available 
charge low 
byte register 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID 7 

BATID6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last meas- 
ured dis- 
charge regis- 
ter 

05h 

R/W 

LMD7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

PPD 

Program pin 

pull-down 

register 

07h 

Read 

n/u 

n/u 

PPD6 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin 
pull-up regis- 
ter 

08h 

Read 

n/u 

n/u 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 
inaccurate 
count register 

09h 

Read 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

DMF 

Digital mag- 
nitude filter 
register 

Oah 

R/W 

DMF7 

DMF6 

DMF5 

DMF4 

DMF3 

DMF2 

DMF1 

DMFO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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Written by Host to bq2012 
CMDR = 03h 


Received by Host to bq2012 
NAC = 65h 


LSB 


MSB | LSB 


MSB 


Break 11000000 1 10100110 


Figure 3. Typical Communication With the bq2012 


Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2012. 
The CMDR register contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 

The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2012 outputs the requested register 
contents specified by the address portion of 
CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 


The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2012 flags. 


The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro > Vsrq. A Vsro of less than Vsrq or 
discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


Where CHGS is: 

0 Either discharge activity detected or Vsro < 
Vsrq 

1 Vsro > Vsrq 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), Vsb, falls 
from above the maximum cell voltage, MCV (2.25V), or 
rises above 0.1V. The BRP flag is also set when the 
bq2012 is reset (see the RST register description). BRP 
is reset when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action is de- 
tected after the EDV 1 flag is asserted. BRP = 1 signifies 
that the device has been reset. 

The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

i ' 

- 

- 

- 


Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDV1 flag is asserted 

1 Vsb dropping from above MCV, Vsb rising 
from below 0.1V, or a serial port initiated 
reset has occurred 
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The battery removed flag (BRM) is asserted whenever 
the potential on the SB pin (relative to Vss) rises above 
MCV or falls below 0.1V. The BRM flag is asserted until 
the condition causing BRM is removed. 


The BRM values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

BRM 

- 

- 

- 

- 

- 


Where BRM is: 

0 0.1V<Vsb< 2.25V 

1 0.1 V > Vsb or V SB > 2.25V 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2012 is reset. The flag is cleared 
after an LMD update. 


The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

Cl 

- 

- 

- 

- 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates 

The valid discharge flag (VDQ) is asserted when the 
bq2012 is discharged from NAC = LMD. The flag re- 
mains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action sustained at Vsro > Vsrq for at 
least 256 NAC counts. 

■ The EDV1 flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

VDQ 

- 

- 

- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV1 is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The char ge control flag, CHG, is asserted whenever 
the CHG pin is asserted (see t he cha rge control section 
on page 7 for a description of the CHG pin function). 


The CHG values are: 


FLGS1 Bits 1 

7 

6 

5 

4 

3 1 2 1 1 1 0 1 

- 

- 


- 

- | CHG | - 



Where CHG is: 

0 When the CHG pin is asserted active low, 
signifying that the bq2012 is in a state to 
allow charge activity. 

1 When the CHG pin is high-impedance, sig- 
nifying that no charge activity should take 
place. 

The first end-of- discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV 1 flag is latched until a valid charge has 
been detected. 


The EDV1 values are: 


FLGS1 Bits I 

7 

6 1 5 1 4 1 3 

2 

1 

o 

- 


- 1 - 1 - 

- 

EDV1 



Where EDV1 is: 

0 Valid charge action detected, Vsb ^ 1.05V 

1 Vsb < 1.05V providing that OVLD=0 (see 
FLGS2 register description) 

The final end-of-discharge warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EMPTY pin is also forced to a high-impedance state on 
assertion of EDV1. The host system may pull EMPTY 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. 
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The EDVF values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 

0 Valid charge action detected, Vsb ^ 0.95V 

1 Vsb < 0.95V providing that OVLD=0 (see 
FLGS2 register description) 

Temperature and Gas Gauge Register 
(TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

_0_ 

TMP3 

TMP2 

TMP1 

TMP0 

- 

- 

- 



The bq2012 contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. 

The temperature register contents may be translated as 
shown in Table 7. 

The bq2012 calculates the available charge as a function 
of NAC, temperature, and a full reference, either LMD 
or PFC. The results of the calculation are available via 
the display port or the gas gauge field of the TMPGG 
register. The register is used to give available capacity 
in y 16 increments from 0 to i% 6 . 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

GG3 

GG2 

GG1 

GG0 


The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece-wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>o°c 

NAC / “Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / “Full Reference” 

< -20°C 

0.5 * NAC / “Full Reference” 


Table 7. Temperature Register Translation 


TMP3 

TMP2 

TMP1 

TMP0 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


The adjustment between > 0°C and -20°C < T < 0°C has 
a 10°C hysteresis. 

Nominal Available Charge Registers 
(NACH/NACL) 

The read/write NACH high-byte register (address=03h) 
and the read-only NACL low-byte register (address=17h) 
are the main gas gauging register for the bq2012. The 
NAC registers are incremented during charge actions and 
decremented dining discharge and self-discharge actions. 
The correction factors for charge/discharge efficiency are 
applied automatically to NAC. 

On reset, if PROG6 = Z or low, NACH and NACL are 
cleared to 0; if PROGe = high, NACH = PFC and NACL 
= 0. When the bq2012 detects a valid EDV1, NACH and 
NACL are reset to 0. Writing to the NAC registers affects 
the available charge counts and, therefore, affects the 
bq2012 gas gauge operation. Do not write the NAC regis- 
ters to a value greater than LMD. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2012. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2012 uses as a measured full reference. The bq2012 

adjusts LMD based on the measured discharge capacity 
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of the battery from full to empty. In this way the 
bq2012 updates the capacity of the battery. LMD is set 
to PFC during a bq2012 reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2012 flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 

The CR values are: 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CR 

- 

- 

- 

- 

- 

- 

- 


Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

DR2 

DR1 

DR0 

- 

- 

- 



They are used to determine the current discharge re- 
gime as follows: 


DR2 

DR1 

DR0 

Vsr (V) 

0 

0 

0 

Vsr > -150mV 

0 

0 

1 

Vsr < -150mV 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, Vsr < -250mV. OVLD remains as- 
serted as long as the condition persists and is cleared 
when Vsr > -250mV. The overload condition is used to 
stop sampling of the battery terminal characteristics for 
end-of-discharge determination. Sampling is re-enabled 
0.5 secs after the overload condition is removed. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

OVLD 


DR2-0 and OVLD are set based on the measurement of the 
voltage at the SR pin relative to Vss- The rate at which 
this measurement is made varies with device activity. 

Program Pin Pull-Down Register (PPD) 

The read-only PPD register (address=07h) contains some of 
the programming pin information for the bq2012. The seg- 
ment drivers, SEGi-6, have a corresponding PPD register 
location, PPDi_ 6. A given location is set if a pull-down re- 
sistor has been detected on its corresponding segment 
driver. For example, if SEGi and SEG 4 have pull-down 
resistors, the contents of PPD are xxOOlOOl. 

Program Pin Pull-Up Register (PPU) 

The read-only PPU register (address=08h) contains the 
rest of the programming pin information for the 
bq2012. The segment drivers, SEGi-6, have a corre- 
sponding PPU register location, PPUi_6. A given loca- 
tion is set if a pull-up resistor has been detected on its cor- 
responding segment driver. For example, if SEG 3 and 
SEG6 have pull-up resistors, the contents of PPU are 
xxlOOlOO. 


PPD/PPU Bits 

8 

7 

6 

5 

4 

3 

2 

1 

- 


PPU 6 

PPU 5 

PPU4 

CO 

I 

PPU 2 

PPUl 

- 

- 

PPD 6 

ppd 5 

ppd 4 

PPD 3 

ppd 2 

PPDi 


Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to in- 
dicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a re- 
chargeable battery varies with age and operating condi- 
tions, the bq2012 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV1=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected if NAC < 0.94 * LMD. When NAC > 
0.94 * LMD, the CPI register increments on the first 
valid charge; CPI does not increment again for a valid 
charge until NAC is discharged below 0.94 * LMD. This 
prevents continuous trickle charging from incrementing 
CPI if self-discharge decrements NAC. The CPI register 
increments to 255 without rolling over. When the con- 
tents of CPI are incremented to 64, the capacity inaccu- 
rate flag, Cl, is asserted in the FLGS1 register. The CPI 
register is reset whenever an update of the LMD regis- 
ter is performed, and the Cl flag is also cleared. 
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Digital Magnitude Filter (DMF) 

The read-write DMF register (address = Oah) provides 
the system with a means to change the default settings 
of the digital magnitude filter. By writing different val- 
ues into this register, the limits of Vsrd and Vsrq can be 
adjusted. 

Note: Care should be taken when writing to this regis- 
ter. A Vsrd and Vsrq below the specified Vos may ad- 
versely affect the accuracy of the bq2012. Refer to Table 
4 for recommended settings for the DMF register. 

Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. By 
writing the RST register contents from OOh to 80h, a 
bq2012 reset is performed. Setting any bit other than the 
most-significant bit of the RST register is not allowed, 
and results in improper operation of the bq2012. 

Resetting the bq2012 sets the following: 

■ LMD = PFC 

■ CPI, VDQ, NACH, and NACL = 0 

■ Cl and BRP = 1 

Note: NACH = PFC when PROG 6 = H. 

Display 

The bq2012 can directly display capacity information us- 
ing low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to Vcc or Vss for a pro- 
gram high or program low, respectively. 

The bq2012 displays the battery charge state in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. The sixth 
segment is not used. 


In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 20% of the PFC, with 
the sixth segment representing “overfull” (charge above 
the PFC). As the battery wears out over time, it is pos- 
sible for the LMD to be below the initial PFC. In this 
case, all of the LEDs may not turn on, representing the 
reduction in the actual battery capacity. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does 
not affect the NAC register. The temperature adjust- 
ments are detailed in the TMPGG register description. 

When DISP is tie d to Vcc, the SEGi_ 6 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the NAC registers are counting at a rate 
equivalent to Vsro < -4mV or Vsro > Vsrq. When 
pulled low, the segment o utput s become active immedi- 
ately. A capacitor tied to DISP allows the display to re- 
main active for a short period of time after activation by 
a push-button switch. 

The segment outputs are modulated as two banks of 
three, with segments 1, 3, and 5 alternating with seg- 
ments 2, 4, and 6. The segment outputs are modulated 
at approximately 100Hz with each segment bank active 
for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedvi (EDV1 = 1), indicating a low- 
battery condition. Vsb below Vedvf (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2012 can operate directly from three or four cells. 
To facilitate the power supply requirements of the 
bq2012, an REF output is provided to regulate an exter- 
nal low-threshold n-FET. A micropower source for the 
bq2012 can be inexpensively built using the FET and an 
external resistor; see Figure 1. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

7.0 

V 


All other pins 

Relative to Vss 

-0.3 

7.0 

V 


REF 

Relative to Vss 

-0.3 

8.5 

V 

Current limited by R1 (see Figure 1) 

V S R 

Relative to Vss 

-0.3 

7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2012 appli- 
cation note for details). 

Topr 

Operating tempera- 
ture 

0 

70 

°c 

Commercial 

-40 

85 

°c 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds <ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

0.93 

0.95 

0.97 

V 

SB 

Vedvi 

First empty warning 

1.03 

1.05 

1.07 

V 

SB 

VsRl 

Discharge compensation threshold 

-120 

-150 

-180 

mV 

SR, Vsr + Vos (see 
note 2) 

VoRD 

Overload threshold 

-230 

-250 

-280 

mV 

SR, Vsr + Vos 

VsRO 

SR sense range 

-300 

- 

+2000 

mV 

SR, Vsr + Vos 

VSRQ 

Valid charge 

375 

- 

- 

nV 

Vsr + Vos (see note 1) 

VSRD 

Valid discharge 

- 

- 

-300 

nV 

Vsr + Vos (see note 1) 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

SB 

Vbr 

Battery removed/replaced 

- 

0.1 

0.25 

V 

SB pulled low 

2.20 

2.25 

2.30 

V 

SB pulled high 


Notes: 1 . Default value; value set in DMF register. Vos is affected by PC board layout. Proper layout 

guidelines should be followed for optimal performance. See “LayoutConsiderations.” 

2. Proper threshold measurements require Vcc to be more than 1.5V greater than the desired signal 
value. 
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DC Electrical Characteristics (ta=topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 


±50 

±150 

nV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

i— i 

50 

M 

II 

e 

> 

Rref 

Reference input impedance 

2.0 

5.0 

- 

M Q. 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

jiA 

Vcc = 3.0V 

- 

120 

180 

[iA 

Vcc = 4.25V 

- 

170 

250 

jxA 

Vcc = 6.5V 

VSB 

Battery input 

- 

_ 

2.4 

V 


RsBmax 

SB input impedance 

10 

_ 

- 

MQ 

0 < VsB < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

hA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

- 

0.2 

HA 

DISP = Vcc 

Rdq 

Internal pulldown 

500 

_ 

- 

KQ 


VsR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

m o 

-200mV < Vsr < Vcc 

Vih 

Logic input high 

Vcc - 0.2 

- 

- 

V 

PROGi-PROGe 

VlL 

Logic input low 

- 

- 

Vss + 0.2 

V 

PROGi-PROGe 

Viz 

Logic input Z 

float 

_ 

float 

V 

PROGi-PROGe 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
SEGi-SEGe 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEGi-SEGe 

VoHLCL 

LOOM output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

VoHLCH 

LOOM output high, high Vcc 

Vcc - 0.6 

_ 

. 

V 

Vcc = 6.5V, Iohlcom = -33.0mA 

Ira 

PROGi-6 input high current 

- 

1.2 

- 

nA 

Vprog = Vcc/2 

IlL 

PROGi-6 input low current 

. 

1.2 

_ 

nA 

Vprog = Vcc/2 

lOHLCOM 

LOOM source current 

-33 

. 

- 

mA 

At Vohlch = Vcc - 0.6V 

IOLS 

SEGx sink current 

- 

- 

11.0 

mA 

At Volsh = 0.4V 

i— i 

O 

tr* 

Open-drain sink current 

- 

- 

5.0 

mA 

At Vol = Vss + 0.3V 

DQ, EMPTY, CHG 

VoL 

Open-drain output low 

_ 

_ 

0.5 

V 

IoL<5mA, DQ, EMPTY 

Vihdq 

DQ input high 

2.5 

_ 

- 

V 

DQ 

Vildq 

DQ input low 

- 

- 

0.8 

V 

DQ 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

KO 

PROGi-PROGe 

Rfloat 

Float state external impedance 

- 

5 

- 

MO 

PROGi-PROGe 


Note: All voltages relative to Vss. 
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Serial Communication Timing Specification 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tcYCH 

Cycle time, host to bq2012 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2012 to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2012 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2012 to host 

500 

- 

- 

ps 


tDSU 

Data setup 

- 

- 

750 

ps 


tDH 

Data hold 

750 

- 

- • 

ps 


tDV 

Data valid 

1.50 

- 

- 

ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 

- 

ps 


tsv 

Stop valid 

2.95 

- 

- 

ms 


tB 

Break 

3 

- 

- 

ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing Illustration 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

7 

Addition to Table 2 

Added bottom row 


Note: Change 1 = Sept. 1996 B changes from July 1994. 



Ordering information 


bq2012 

Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 

Package Option: 

SN = 16-pin narrow SOIC 


— Device: 

bq2012 Gas Gauge IC 


* Contact factory for availability. 
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Product Brief JEV2012 
bq2012 Evaluation System 


k UNITRODE 


Features 

> bq2012 Gas Gauge IC evaluation and development 
system 

> PC interface hardware for easy access to 
state-of-charge information via the serial port 

> Alternative terminal block for direct connection to the 
serial port 

>* Battery state-of-charge monitoring for 5- to 10-cell 
(series) applications (2 user-selectable options for 3, 4, 
or greater than 10 cells) 

> On-board regulator for greater than 4-cell 
applications 

>- State-of-charge information displayed on bank of 6 
LEDs 

>* Nominal capacity jumper-configurable 
>- Cell chemistry jumper-configurable 
>- Display mode jumper-configurable 

General Description 

The EV2012 Evaluation System provides a development 
and evaluation environment for the bq2012 Gas Gauge 
IC. The EV2012 incorporates a bq2012, a sense resistor, 
and all other hardware necessary to provide a capacity 
monitoring function for 3 to 12 series NiCd or NiMH cells. 

Hardware for a PC interface is included on the EV2012 
so that easy access to the state-of-charge information 
can be achieved via the serial port of the bq2012. Direct 
connection to the serial port of the bq2012 is also made 
available for check-out of the final hardware/soft- 
ware implementation. 



The menu-driven software provided with the EV2012 
displays charge/discharge activity and allows user inter- 
face to the bq2012 from any standard DOS PC. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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bq2013H 


Gas Gauge 1C for Power- 
Assist Applications 


Features 

> Accurate measurement of available 
charge in rechargeable batteries 

> Designed for electric assist bicycles 
and other applications 

> Measures a wide dynamic current 
range 

> Supports NiCd, NiMH or lead acid 

V Designed for battery pack inte- 
gration 

- 120pA typical standby current 
(self-discharge estimation mode) 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

>- Direct drive of LEDs for capacity 
display 

> Automatic charge and self- 
discharge compensation using in- 
ternal temperature sensor 

V Simple single-wire serial commu- 
nications port for subassembly 
testing 

>■ 16-pin narrow SOIC 


General Description 

The bq2013H Gas Gauge IC is in- 
tended for batteiy-pack installation to 
maintain an accurate record of a bat- 
tery’s available charge. The IC moni- 
tors a voltage drop across a sense resis- 
tor connected in series between the 
negative battery terminal and ground 
to determine charge and discharge ac- 
tivity of the battery. The bq2013H is 
designed for high cpaacity battery 
packs used in high-discharge rate sys- 
tems. 

Battery self-discharge is estimated 
based on an internal timer and tem- 
perature sensor. Compensations for 
battery temperature, rate of charge, 
and self-discharge are applied to the 
charge counter to provide available 
capacity information across a wide 
range of operating conditions. Initial 
battery capacity, self-discharge rate, 
display mode, and charge compensa- 
tion are set using the PROG^e pins. 
Actual battery capacity is automati- 
cally “learned” in the course of a dis- 
charge cycle from full to empty. 


Nominal available charge may be 
directly indicated using a five-seg- 
ment LED display. These segments 
are used to graphically indicate 
nominal available charge. 

The bq2013H supports a simple 
single-line bi-directional serial link to 
an external processor (common 
ground). The bq2013H outputs bat- 
tery information in response to exter- 
nal commands over the serial link. To 
support battery pack testing, the 
outputs may also be controlled by 
command. The external processor 
may also overwrite some of the 
bq2013H gas gauge data registers. 

The bq2013H may operate directly 
from four nickel cells or three lead 
acid. With the REF output and an 
external transistor, a simple, inexpen- 
sive regulator can be built to provide 
V cc from a greater number of cells. 

Internal registers include available 
charge, temperature, capacity, battery 
ID, and battery status. 


Pin Connections 




TZ? 


LCOM 

1 

16 

□ vcc 

SEGi/PROGi Z 

2 

15 

Z\ Ref 

SEG2/PROG2 Z 

3 

14 

Z\ DONE 

SEG3/PROG3 z 

4 

13 

Z] HDQ 

SEG4/PROG4 Z 

5 

12 

Z RBI 

SEG5PROG5 Z 

6 

11 

Z\ SB 

PROG6 C 

7 

10 

□ dJsp 

N/SSC 

8 

9 

Z\ SR 

16-Pin Narrow SOIC 



PN2013.eps 
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Pin Names 

LCOM 

LED common output 

SEG1/PROG1 

LED segment 1 / Program 

1 input 

SEG2/PROG2 

LED segment 2 / Program 
2 input 

SEG3/PROG3 

LED segment 3 / Program 

3 input 

SEG4/PROG4 

LED segment 4 / Program 

4 input 

SEG5/PROG5 

LED segment 5 / Program 

5 input 

prog 6 

Program 6 input 


REF 

Voltage reference output 

DONE 

Fast charge complete 
input 

HDQ 

Serial communications 
input/output 

RBI 

Register backup input 

SB 

Battery sense input 

DlSP 

Display control input 

SR 

Sense resistor input 

Vcc 

Supply voltage 
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Pin Descriptions 

LOOM LED common 

This open-drain output switches Vcc to source 
current for the LEDs. The switch is off during 
initialization to allow reading of PROG^ 
pull-up or pull-down program resistors. LOOM 
is also high impedance when the display is off. 

SEG^ LED display segment outputs (dual func- 

SEG 5 tion with PROG 1 -PROG 5 

Each output may activate an LED to sink 
the current sourced from LOOM. 

PROG!- Programmed full count selection inputs 
PROG 6 (dual function with SEG X - SEG 5 ) 

These three-level input pins define the pro- 
grammed full-count (PFC), display mode, 
self-discharge rate, offset compensation, 
overload threshold, and charge compensa- 
tion. 

SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor R s is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input (see Figure 1) is connected 
between the negative terminal of the battery 
and ground. V SR > V ss indicates charge, and 
VgR < V ss indicates discharge. The effective 
voltage drop, VgR 0 , as seen by the bq2013H 
is V SR + Vos. 

DONE Charge complete input 

This input/output is used to communicate 
the status of an external charge controller to 
the bq2013H. 
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DISP Display control input 

DISP pulled high disables the display. 
DISP floating allows the LED display to 
be active during certain charge an d dis- 
charge conditions. Transitioning DISP 
low activates the display. 

SB Secondary battery input 

This input monitors the scaled battery volt- 
age through a high-impedance resistive di- 
vider network for the end-of-discharge volt- 
age (EDV) thresholds. 

RBI Register backup input 

This input is used to provide backup poten- 
tial to the bq2013H registers during periods 
when Vcc < 3V. A storage capacitor can be 
connected to RBI. 

HDQ Serial I/O pin 

This is an open-drain bidirectional commu- 
nications port. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

V CC Supply voltage input 

V SS Ground 
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Functional Description 

General Operation 

The bq2013H determines battery capacity by monitoring 
the amount of charge input to or removed from a recharge- 
able battery The bq2013H measures discharge and charge 
currents, estimates self-discharge, monitors the battery for 
low-battery voltage thresholds, and compensates for tem- 
perature and charge rates. The charge measurement is 
made by monitoring the voltage across a small-value se- 
ries sense resistor between the battery’s negative terminal 
and ground. The available battery charge is determined 
by monitoring this voltage over time and correcting the 
measurement for the environmental and operating condi- 
tions. 


Figure 1 shows a typical battery pack application of the 
bq2013H using the LED display. The bq2013H can be 
configured to display capacity in either a relative or an 
absolute display mode. The relative display mode uses 
the last measured discharge capacity of the battery as 
the battery “full” reference. The absolute display mode 
uses the programmed full count (PFC) as the full refer- 
ence, forcing each segment of the display to represent a 
fixed amount of charge. A push-button display feature 
is available for enabling the LED display. 


The bq2013H monitors the charge and discharge cur- 
rents as a voltage across a sense resistor (see R s in Fig- 
ure 1). A filter between the negative battery terminal 
and the SR pin is required. 


fill 



regulation of > 4 nickel cells. 

3. Programming resistors and ESD-protection diodes are not shown. 

4. R-C on SR is required. 


Figure 1. Application Diagram: LED Display 
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Register Backup 

The bq2013H RBI input pin is intended to be used with 
a storage capacitor to provide backup potential to the in- 
ternal bq2013H registers when V cc momentarily drops be- 
low 3.0V. V cc is output on RBI when V cc is above 3.0V. 

After V cc rises above 3.0V, the bq2013H checks the internal 
registers for data loss or corruption. If data has changed, 
then the NAC register is cleared, and the LMD register is 
loaded with the initial PFC. 

Voltage Thresholds 

In conjunction with monitoring V SR for charge/discharge 
currents, the bq2013H monitors the battery potential 
through the SB pin for the end-of-discharge voltage (EDV) 
thresholds. 

The EDV threshold levels are used to determine when 
the battery has reached an “empty” state. 

The EDV thresholds for the bq2013H are set as follows: 

EDV1 (first) = 1.00V 

EDVF (final) = EDV1 - lOOmV 

The battery voltage divider (RBI and RB2 in Figure 1) is 
used to scale these values to the desired threshold. 

If VSB is below either of the two EDV thresholds for the 
specified delay times in Table 1, the associated flag is 
latched and remains latched, independent of VSB, until 
the next valid charge. EDV monitoring is disabled if the 
OVLD bit in FLGS2 is set. 


Table 1 . Delay Time in Seconds 


Capacity 

Temperature 

<10°C 

10°C to 30°C 

> 30°C 

> 40% 

7 

6 

5 

20% to 40% 

4 

3 

2 

<20% 

2 

2 

2 


Reset 

The bq2013H can be reset by removing ^CC and ground- 
ing the RBI pin for 15 seconds or with a command over 
the serial port. The serial port reset command sequence 
requires writing OOh to register PPFC (address = leh) 
and the writing OOh to register LMD (address = 05h.) 


Temperature 

The bq2013H internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge rate compensations 
and self-discharge counting. The temperature range is 
available over the serial port in 10°C increments as 
shown in the following table: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2013H measures the voltage differential between 
the SR and V ss pins. V 0 s (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule of 
a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable noise 
on the small signal nodes. Additionally: 

■ The capacitors should be placed as close as possible 
to the SB and V cc pins and their paths to V ss should 
be as short as possible. A high-quality ceramic 
capacitor of O.lqf is recommended for Vcc* 

■ The sense resistor (R s ) should be as close as possible 
to the bq2013H. 

■ The R-C on the SR pin should be located as close as 
possible to the SR pin. The maximum R should not 
exceed 100K. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2013H. The bq2013H ac- 
cumulates a measure of charge and discharge currents, 
as well as an estimation of self-discharge. The bq2013H 
compensates charge current for charge rate and tem- 
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perature. Discharge current is load compensated based 
on the value stored in location LCOMP (address = Oeh). 
LCOMP allows the bq2013H to automatically adjust for 
continuous small discharge currents. The bq2013H com- 
pensates self discharge for the load value as well as tem- 
perature. 

The main counter, Nominal Available Capacity (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging, self-discharge decrement the 
NAC register and increment the DCR (Discharge Count 
Register). NAC is also corrected automatically for offset 
error based on the value in the offset location OFFSET 
(address = Obh.) 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2013H adapts its capacity determination based on the 
actual conditions of discharge. 

The battery’s initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 2. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 


1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of V cc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV. The maximum decrease in LMD because of a 
DCR update is 25% of LMD. A qualified discharge 
is necessary for a capacity transfer from the DCR 
to the LMD register. The LMD also serves as the 
100% reference threshold used by the relative dis- 
play mode. 

2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PFC. The PFC also provides the 
100% reference for the absolute display mode. The 
bq2013H is configured for a given application by se- 
lecting a PFC value from Table 2. The correct PFC 
may be determined by multiplying the rated bat- 
tery capacity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity for absolute mode provides capacity above the 
full reference for much of the battery’s life. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 

Temperature 

Translation 


Discharged Qualified Register 
(LMD) Transfer (DCR) 


i — Temperature Step, 
Other Data 


Chip-Controlled Serial 

Available Charge Port 

LED Display 


Figure 2. Operational Overview 
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Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.0075G 

Number of cells = 14 

Capacity = 5000mAh, NiCd cells 

Current range = 1A to 30A 

Relative display mode with 4 second timer 

Self-discharge = 1% per day 

Trickle charge compensation = 0.85 

Typical offset = -75pV 

Voltage drop across sense resistor = 5mV to 150mV 


Therefore: 

5000mAh * 0.0075Q = 37.5mVh 

Select: 

PFC = 448000 counts or 35mVh 
PROG 1 ,PROG 2 = Z,L 

prog 3 = z 
prog 4 = h 

PROG 5 = L 

prog 6 = z 


Table 2. bq2013H Programmed Full Count mVh Selections 


Programmed 

Full Count (PFC) 

mVh 

Scale 

PROG 1 

prog 2 

27136 

84.8 

Yz2Q 

H 

H 

24064 

75.2 

Yz 20 

H 

Z 

41472 

64.8 

^640 

H 

L 

35072 

54.8 

Y>40 

Z 

H 

28672 

44.8 

Y<o40 

Z 

Z 

44800 

35 

)l280 

Z 

L 

30720 

24 

Yl280 

L 

H 

38400 

15 

Yz560 

L 

Z 

12800 

5 

Yl560 

L 

L 


Table 3. Programmed Self-Discharge 


PROG 3 

Self-Discharge 

H 

1.6% per day 

Z 

0.8% per day 

L 

0.2% per day 
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Table 4. Programmed Display Mode 


PROG 4 

Overload Threshold 

Display Mode 

H 

Vovld = -75mV 

Relative/4s timer after push-button release 

Z 

Vovld = -75mV 

Relative/4s timer after push-button release 

L 

Vovld = -25mV 

Absolute/4s timer after push-button release 


Table 5. Programmed Charge Compensation 


PROG5 

Trickle 

Fast 

<30°C 

30°C — 50°C 

>50°C 

<30°C 

30°C — 50°C 

>50°C 

H 

0.80 

0.75 

0.70 

0.95 

0.90 

0.85 

Z 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

L 

0.85 

0.80 

0.75 

0.95 

0.90 

0.85 


Table 6. Programmed Discharge Offset Adjustment 


prog 6 


Offset 
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The initial full battery capacity is 35mVh (4667mAh) until 
the bq2013H “learns” a new capacity with a qualified dis- 
charge from full to EDV1. 

3. Nominal Available Capacity (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self dis- 
charge to 0. NAC is reset to 0 on initialization and 
on the first valid charge following discharge to 
EDV1. To prevent overstatement of charge during 
periods of overcharge, NAC stops incrementing 
when NAC = LMD. When the DONE input is as- 
serted high, indicating full charge completion, NAC 
is set to LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge incre- 
ment the DCR. After NAC = 0, only discharge in- 
crements the DCR. The DCR resets to 0 when NAC 
= LMD. The DCR does not roll over but stops 
counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to EDV 1 if all of 
the following conditions are met: 

■ No valid charge initiations (charges greater than 
2 NAC updates) occurred during the period be- 
tween NAC = LMD and EDV1. 

■ The self-discharge count is less than 6% of NAC. 

■ The temperature is > 0°C when the EDV1 level 
is reached during discharge. 

■ VDQ is set. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the V SR input. If charge activity is detected, the 
bq2013H increments NAC at a rate proportional to V SR0 
(V SR + V os ) and, if enabled, activates an LED display 
if V SRO > 500qV. Charge actions increment the NAC af- 
ter compensation for charge rate and temperature. 

The bq2013H detects charge activity with V SRO > 250pV. 
A valid charge equates to a sustained charge activity 
greater than 2 NAC updates. Once a valid charge is de- 
tected, charge counting continues until V SR0 drops be- 
low 250jliV. 


Discharge Counting 

All discharge counts where V SR0 < -250pV cause the 
NAC register to decrement and the DCR to increment. If 
enabled, the display is activated when Vsro < -2mV. 
The display remains active for 10 seconds after Vsro 
rises above - 2mV. 

Self-Discharge Estimation 

The bq2013H decrements NAC and increments DCR for 
self-discharge based on time and temperature. The self- 
discharge count rate is programmed per Table 3. This is 
the rate for a battery temperature between 20-30°C. 
The NAC register cannot be decremented below 0. 

Count Compensations 

The bq2013H determines fast charge when the NAC up- 
dates at a rate of > 2 counts/s. Charge activity is com- 
pensated for temperature and rate before updating 
NAC. Self-discharge estimation is compensated for tem- 
perature before updating NAC or DCR. 

Charge Compensation 

Charge efficiency factors are selected using Table 5 for 
trickle charge and fast charge. Fast charge is defined as 
a rate of charge resulting in > 2 NAC counts/s (0.16C to 
0.6C, depending on PFC selections; see Table 2). 

Temperature adapts the charge rate compensation 
factors over three ranges between nominal, warm, and 
hot temperatures. Program pin 5 is used to select one of 
three compensation programs. These values are shown 
in Table 5. 
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Self-Discharge Compensation 

The self-discharge compensation can be programmed for 
three different rates. The rates vary across 8 ranges 
from <10°C to >70°C, doubling with each higher tem- 
perature step (10°C). See Table 7. 


Table 7. Self-Discharge Compensation 


Temperature 

Range 

Self-Discharge Compensation 
Typical Rate/Day 

PROG 3 = H 

prog 3 = z 

PROG3 = L 

< 10°C 

NA %6 

NAC /512 

NAC /2048 

10-20°C 

NAC /m 

NA %56 

NAC / l 024 

20-30°C 

NA % 

NA %28 

NA %12 

30-40°C 

NAC /32 

NAC /64 

NAC /256 

40-50°C 

NA 7 l 6 

NA % 

NA %8 

50-60°C 

NAC /s 

NA % 

NA %4 

60-70°C 

NA % 

NA 7s 

NA %2 

> 70°C 

NAC / 2 

nac/ 4 



Offset Compensation 

The bq2013H uses a voltage to frequency converter to 
measure the voltage across a resistor used to monitor 
the current into and out of the battery. This converter 
has an offset value that can be influenced by the V cc 
supply and the bypassing of this supply. The typical 
value found on a well designed PCB is about -75pV. Pro- 
gram pin 6 can be used to compensate for this offset, re- 
ducing the effective Vos- Offset compensation occurs 
when V SR0 < -250jliV or V SRO > 250pV. 

Error Summary 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value includes 
the error between the programmed full capacity and the 
actual capacity. This error is present until a valid dis- 
charge occurs and LMD is updated (see the DCR de- 
scription in the “Layout Considerations” section). The 
other cause of LMD error is battery wear-out. As the 
battery ages, the measured capacity must be adjusted to 
account for changes in actual battery capacity. 

DONE Input 

A fast-charge controller IC or micro-controller uses the 
DONE input to communicate charge status to the 
bq2013H. When the DONE input is asserted high on 


fast-charge completion, the bq2013H sets NAC = LMD 
and VDQ = 1. The DONE input should be maintained 
high as long as the fast-charge controller or 
microcontroller keeps the batteries full; otherwise the 
pin should be held low. 

Communicating With the bq2013 

The bq2013H includes a simple single-pin (HDQ plus re- 
turn) serial data interface. A host processor uses the inter- 
face to access various bq2013H registers. Battery character- 
istics may be easily monitored by adding a single contact to 
the batteiy pack. The open-drain HDQ pin on the bq2013H 
should be pulled up by the host system, or may be left float- 
ing if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2013H. 
The command directs the bq2013H to either store the 
next eight bits of data received to a register specified by 
the command byte or output the eight bits of data speci- 
fied by the command byte. (See Figure 3.) 

The communication protocol is asynchronous re- 
turn-to-one. Command and data bytes consist of a 
stream of eight bits that have a maximum transmission 
rate of 5K bits/s. The least-significant bit of a command 
or data byte is transmitted first. The protocol is simple 
enough that it can be implemented by most host proces- 
sors using either polled or interrupt processing. Data 
input from the bq2013H may be sampled using the 
pulse-width capture timers available on some microcon- 
trollers. 

If a communication error occurs, e.g., t CY CB > 250 jlls, the 
bq2013H should be sent a BREAK to reinitiate the se- 
rial interface. A BREAK is detected when the HDQ pin 
is driven to a logic-low state for a time, t B or greater. 
The HDQ pin should then be returned to its normal 
ready-high logic state for a time, t BR . The bq2013H is 
now ready to receive a command from the host proces- 
sor. 

The return-to-one data bit frame consists of three dis- 
tinct sections. The first section is used to start the trans- 
mission by either the host or the bq2013H taking the 
HDQ pin to a logic-low state for a period, t STRH . B . The 
next section is the actual data transmission, where the 
data should be valid by a period, t DSU;B , after the nega- 
tive edge used to start communication. The data should 
be held for a period, t DH;DV , to allow the host or bq2013H 
to sample the data bit. 

The final section is used to stop the transmission by re- 
turning the HDQ pin to a logic-high state by at least a 
period, t ssu . B , after the negative edge used to start com- 
munication. The final logic-high state should be until a 
period t CYCH . B , t° allow time to ensure that the bit 
transmission was stopped properly. The timings for data 
and break communication are given in the serial com- 
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Table 8- bq2013H Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


munication timing specification and illustration sec- 
tions. 

Communication with the bq2013H is always performed 
with the least-significant bit being transmitted first. Fig- 
ure 3 shows an example of a communication sequence to 
read the bq2013H NACH register. 

bq2013H Command Code and 
Registers 

The bq2013H status registers are listed in Table 9 and 
described below. 

Command Code 

The bq2013H latches the command code when eight 
valid command bits have been received by the bq2013H. 
The command code register contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command code is used to select 
whether the received command is for a read or a write 
function. 


The W/R location is: 


Command Code Bits 


6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 


0 The bq2013H outputs the requested regis- 
ter contents specified by the address por- 
tion of command code. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of command code. 

The lower seven-bit field of command code contains the 
address portion of the register to be accessed. Attempts 
to write to invalid addresses are ignored. 


Command Code Bits 

_zJ 

6 

5 

4 

3 

2 

1 

0 


AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Written by Host to bq2013H 
CMDR = 03h 


I Received by Host from bq2013H 
NAC = 65h 


LSB MSB 

Break 1 1 0 0 0 0 0 0 


LSB MSB 

10 10 0 110 


DQ U 


I 


I 

^RSPS 


TD2013H.eps 


Figure 3. Typical Communication With the bq2013H 
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Table 9. bq2013H Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

FLGS1 

Primary status 
flags register 

Olh 

R 

CHGS 

BRP 

RSVD 

RSVD 

VDQ 

RSVD 

EDV1 

EDVF 

TMPGG 

Temperature and 
gas gauge register 

02h 

R 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal available 
capacity high byte 
register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal available 
capacity low byte 
register 

17h 

R/W 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID7 

BATID6 

BATID5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured 
discharge register 

05h 

R/W 

LMD7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary status 
flags register 

06h 

R 

CR 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

OVLD 

PPD 

Program pull 
down register 

07h 

R 

RSVD 

RSVD 

PPD6 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pull up 
register 

08h 

R 

RSVD 

RSVD 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

OCTL 

Output control 
register 

Oah 

R/W 

1 

OC5 

OC4 

OC3 

OC2 

OC1 

OCE 

OCC 

OFFSET 

Offset adjustment 
regisiter 

Obh 

R/W 

OFS7 

OFS6 

OFS5 

OFS4 

OFS3 

OFS2 

OFS1 

OFSO 

SDR 

Self discharge rate 

Och 

R/W 

SDR7 

SDR6 

SDR5 

SDR4 

SDR3 

SDR2 

SDR1 

SDRO 

DMF 

Digital magnitude 
filter 

Odh 

R/W 

DMF7 

DMF6 

DMF5 

DMF4 

DMF3 

DMF2 

DMF1 

DMFO 

LCOMP 

Load compensa- 
tion 

Oeh 

R/W 

LC7 

LC6 

LC5 

LC4 

LC3 

LC2 

LC1 

LCO 

CCOMP 

Fast charge 
compensation 

Ofh 

i 

R/W 

CC7 

CC6 

CC5 

CC4 

CC3 

CC2 

CC1 

CCO 

PPFC 

Program pin data 

leh 

R/W 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

VSB 

Battery voltage 
register 

7 eh 

R 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 


Notes: RSVD = reserved. 

All other registers not documented are reserved. 
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Primary Status Flags Register (FLGS1) 

The FLGS1 register (address=01h) contains the primary 
bq2013H flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. The bq2013H deems the 
charge valid if it results in two NAC updates with V SR0 
> 250jliV. A V sro of less than 250pV or discharge activity 
clears CHGS. 

The CHGS location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

i 

0 

CHGS 

- 

- 


- 

- 

I i 

- 


where CHGS is 


0 Either discharge activity detected or 
Vsro < 250pV 

1 Two NAC updates with V SR0 > 250|uV 

The battery replaced flag (BRP) is asserted whenever 
the bq2013H is reset by application of V cc or by a serial 
port command. BRP is reset when either a valid charge 
action increments NAC to be equal to LMD, or when a 
valid charge action is detected after the EDV1 flag is 
asserted. BRP = 1 signifies that the device has been re- 
set. 

The BRP location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

" 

BRP 

- 

- 

- 



- 


where BRP is 


0 bq2013H is charged until NAC = LMD or 
on the first charge after or a discharge 
which sets the EDV1 flag 

1 bq2013H is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2013H is discharged from NAC=LMD. The flag re- 
mains set until either LMD is updated or until one of 
three actions that can clear VDQ occurs: 

■ NAC has been reduced by more than 6% during 
because of self-discharge since VDQ was set 

■ A valid charge action sustained at V SRO > V SR q for at 
least two NAC updates 

■ The EDV1 flag was set at a temperature below 0°C. 


The VDQ location is: 


FLGS1 Bits 

7 

6 

5 

t 

3 

2 

1 

0 

- 

- 

- 


VDQ 

- 

- 

- 


where VDQ is 


0 Self-discharge reduces NAC by 6%, valid 
charge action detected, EDV1 asserted with 
the temperature less than 0°C, or reset 

1 On first discharge after NAC = LMD 

The first end-of- discharge warning flag (EDV1) 
warns the user that the battery is empty SEG1 blinks 
at a 4Hz rate and DONE is asserted low. EDV1 detec- 
tion is disabled if OVLD = 1. The EDV flag is latched 
until a valid charge has been detected. 

The EDV1 location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

EDV1 

- 


where EDV1 is 


0 Valid charge action detected or V SB > V EDV1 

1 V SB < V EDV1 for the delay time, provided 
that the OVLD bit is not set 

The final end-of-discharge warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EDVF threshold is set lOOmV below the EDV1 thresh- 
old. 

The EDVF location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 


- 


- 

- 

EDVF 


Where EDVF is: 


0 Valid charge action detected or V SB > V EDVF 

1 V SB < V EDVF , providing the OVLD bit is not 
set 
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Table 10. Temperature Register Contents 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


Temperature and Gas Gauge Register 
(TMPGG) 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP3 

TMP2 

TMP1 

TMPO 

_ 

- 

- 



The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 

The bq2013H contains an internal temperature sensor. 
The temperature is used to set charge efficiency factors 
as well as to adjust the self-discharge coefficient. The 
temperature register contents may be translated as 
shown in Table 10. 

The bq2013H calculates the available charge as a func- 
tion of NAC and a full reference, either LMD or PFC. 
The results of the calculation are available via the dis- 
play port or the gas gauge field of the TMPGG register. 
The register is used to give available capacity in y 16 in- 
crements from 0 to 15 / 16 . 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 


GG3 

GG2 

GG1 

GGO 


Nominal Available Charge Register (NAC) 

The NACH register (address=03h) and the NACL regis- 
ter (address=17h) are the main gas gauging registers for 
the bq2013H. The NAC registers are incremented dur- 
ing charge actions and decremented during discharge 
and self-discharge actions. The correction factors for 
charge/discharge efficiency are applied automatically to 
NAC. NACH and NACL are set to 0 during a bq2013H 
reset. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vrbi is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2013H. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2013H uses as a measured full reference. The 
bq2013H adjusts LMD based on the measured discharge 
capacity of the battery from full to empty. In this way 
the bq2013H updates the capacity of the battery. LMD 
is set to PFC during a bq2013H reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2013H flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 NAC counts/s. 

The CR location is: 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CR 

- 

- 



- 

- 

" 


Where CR is: 


0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
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tors are used. The time to change CR varies due to the 
user-selectable count rates. 

The overload flag (OVLD) is asserted when a discharge 
overload is detected. PROG4 defines the overload 
threshold, as defined in Table 4. OVLD remains as- 
serted as long as the condition is valid. 

The OVLD location is: 


tion. OCE may be cleared by either writing the bit to a 
logic zero via the serial port or by resetting the bq2013H. 

Offset Adjustment Register 

The value in this register (address = Obh) is used to cor- 
rect NAC for the offset of the VFC. This register is ini- 
tialized from the state of PROG 6 . The following are the 
initial values: 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 


- 

OVLD 


0 = no offset correction 
46 = -75pV correction 
23 = -150pV correcton 


Where OVLD is: 


The value is set by the equation: 


0 IfV SRO >V OVLD 

1 IfV SRO <V OVLD 

Program Pin Pull-Down Register (PPD) 

The PPD register (address=07h) contains some of the pro- 
gramming pin information for the bq2013H. The program 
pins have a corresponding PPD bit location, PPD^. A 
given location is set if a pull-down resistor has been de- 
tected on its corresponding segment driver. For example, if 
PROGi and PROG 4 have pull-down resistors, the con- 
tents of PPD are xxOOlOOl. 


PPD/PPU Bits 

7 

6 

5 

4 

3 

2 

1 

0 

RSVD 

RSVD 

PPU 6 

PPU 5 

PPU 4 

*0 

CO 

PPU 2 

PPUl 

RSVD 

RSVD 

PPD 6 

ppd 6 

ppd 4 

ppd 3 

ppd 2 

PPDi 


Program Pin Pull-Up Register (PPU) 

The PPU register (address=08h) contains the rest of the 
programming pin information for the bq2013H. The pro- 
gram pins have a corresponding PPU bit location, PPU^. 
A given location is set if a pull-up resistor has been de- 
tected on its corresponding segment driver. For example, if 
PROG 3 and PROG5 have pull-up resistors, the contents of 
PPU are xxOIOIOO. 

Output Control Register (OCTL) 

The write-only OCTL register (address=Oah) provides the 
system with a means to check the display connections for 
the bq2013H. The segment drivers may be overwritten by 
data from OCTL when bit 1 of OCTL, OCE, is set. The 
data in bits OC 5 _! of the OCTL register (see Table 9 for de- 
tails) is output onto the segment pins, SEGg.!, respectively 
if OCE=l. Whenever OCE is written to 1, the MSB of 
OCTL should he set to a 1. The OCE register location 
must be cleared to return the bq2013H to normal opera- 
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Offset = 

289* Vcos 

where V CO s is the desired offset correction in volts. 


Self-Discharge Rate Compensation 

This register contains the value used to correct for the 
self-discharge compensation. This value is initialized 
from the state of PROG 3 . The following are the initial 
values: 

■ 235 = 1.6% per day ( — ] 


m 214 = 0.8% per day 

[l28 


m 88 = 0.2% per day 



The value is set by the equation: 


SDR = 256 - 



where C SD is the self-discharge rate per day. 


Digital Magnitude Filter (DMF) 

The read-write DMF register (address=0dh) provides 
the system with a means to change the default settings 
of the digital magnitude filter. By writing different val- 
ues into this register, the limits of V SRD and Vg R Q can be 
adjusted. The default value for the DMF is 250pV. The 
value is set by the equation: 


VSRD, Q 


where V SRD q is the desired filter threshold in mV. 

Note: Care should be taken when writing to this regis- 
ter. A V SRD and V SR q below the specified V 0 s niay ad- 
versely affect the accuracy of the bq2013H. 
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Load Compensation 

The load compensation value (address = Oeh) allows the 
bq2013H to compensate for small discharge loads that 
are below the digital filter. Each increment in the 
LCOMP register represents 2pVh. The value in LCOMP 
represents the additional amount of discharge applied to 
NAC and DCR at a constant rate when V SR0 < V SR q. 
LCOMP compensation is applied in addition to self- 
discharge. LCOMP is set to 0 on a full reset. The value 
is set by the equation: 

LCOMP = 

289 * Vcld 

where V CLD is the desired load correction in volts. 

Charge Compensation 

The charge-compensation value (address = Ofh) allows 
the bq2013H to compensate for battery charge ineffi- 
ciencies. This value is initialized from the state of 
PROG 5 and represents the fast-charge compensation 
factor for < 30°C. The value can be overwritten via the 
serial port and is stored in percent. The bq2013H scales 
the value in Ofh to determine the compensation at other 
rates and temperatures. For example, if PROG 5 = H, 
the applied efficiency drops by 5% for each temperature 
range, and the trickle rates are 15% below the fast- 
charge rates. If the value 55h (85%) is written to 
CCOMP, the compensation for trickle charge at > 50°C 
is 60%. 


Vsb = 1.2V* 



Display 

The bq2013H can directly display capacity information 
using low-power LEDs. If LEDs are used, the segment 
pins should be tied to V cc , the battery, or the LCOM pin 
through resistors for programming the bq2013H. 

The bq2013H displays the battery charge state in either 
absolute or relative mode. In relative mode, the battery 
charge is represented as a percentage of the LMD. Each 
LED segment represents 20% of the LMD. 

In absolute mode, each segment represents a fixed 
amount of charge, based on the initial PFC. In absolute 
mode, each segment represents 20% of the PFC. As the 
battery wears out over time, it is possible for the LMD 
to be below the initial PFC. In this case, all of the LEDs 
may not turn on, representing the reduction in the ac- 
tual battery capacity. 

When DIS P is tie d to V cc , the SEG^ outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive during charge if the NAC registers are counting at a 
rate equivalent to V SR0 > 500|nV or fast discharge if the 
NAC registers are co unting at a rate equivalent to V SR0 
< -2mV. When DISP is pulled low and held, the segment 
outputs become active continuously. When released to 
high Z, the segment outputs will remain active for 4 sec- 
onds. 


Program Pin Data (PPFC) 

The PPFC register provides the means to perform a soft- 
ware controlled reset of the device. The recommended 
reset method for the bq2013H is: 

■ Write PPFC to zero 

■ Write LMD to zero 

After these operations, a software reset occurs. 

Resetting the bq2013H sets the following: 

■ LMD = PFC 

■ VDQ, OCE, LCOMP, and NAC = 0 

■ BRP = 1 

Battery Voltage Register (VSB) 

The battery voltage register is used to read the battery 
voltage on the SB pin. The VSB register (address = 7eh) 
is updated approximately once per second with the pres- 
ent value of the battery voltage. The battery voltage on 
the SB pin is determined by the equation: 


The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
320Hz, with each bank active for 30% of the period. 

SEG X blinks at a 4Hz rate whenever V SB has been de- 
tected to be below V EDV1 to indicate a low-battery condi- 
tion or NAC is less than 10% of the LMD or PFC, de- 
pending on the display mode. 

Microregulator 

The bq2013H can operate directly from 4 nickel or 3 
lead acid cells. To facilitate the power supply require- 
ments of the bq2013H, an REF output is provided to 
regulate an external low-threshold n-FET. A micropower 
source for the bq2013H can be inexpensively built using 
the FET and an external resistor. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

Vcc+0.7 

V 

lOOkQ series resistor should be used to 
protect SR in case of a shorted battery. 

Topr 

Operating temperature 

0 

+70 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limits for extended periods of time may affect device reli- 
ability. 


DC Voltage Thresholds <ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedv 

End-of-discharge warning 

0.96 * Vedv 

Vedv 

1.04 * Vedv 

V 

SB 

VsRO 

SR sense range 

-300 


+500 

mV 

SR, V S r + Vos 

VsRQ 

Valid charge 

250 


- 

mv 

VsR + Vos 

VSRD 

Valid discharge 



-250 

mv 

Vsr + Vos 


Note: VOS is affected by PC board layout. Proper layout guidelines should be followed for optimal performance. 

See “LayoutConsiderations.” 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

VOS 

Offset referred to Vsr 

- 

±50 

±150 

nV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 


MG 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

HA 

Vcc = 3.0V, HDQ = 0 

- 

120 

180 

hA 

V cc = 4.25V, HDQ = 0 

- 

170 

250 

pA 

Vcc = 6.5V, HDQ = 0 

VSB 

Battery input 

0 

- 

Vcc 

V 


RsBmax 

SB input impedance 

10 

- 


MG 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

pA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

- 

0.2 

pA 

DISP = Vcc 

Irbi 

RBI data-retention current 

- 

_ 

100 

nA 

Vrbi > Vcc < 3V 

Rhdq 

Internal pulldown 

500 

- 

- 

KG 


Rsr 

SR input impedance 

10 

. 

- 

MG 

-200mV < Vsr < Vcc 

VlHPFC 

PROG logic input high 

Vcc - 0.2 

- 

- 

V 

PROGi-e 

VlLPFC 

PROG logic input low 

- 

- 

Vss + 0.2 

V 

PROGi-e 

VlZPFC 

PROG logic input Z 

float 

- 

float 

V 

PROGi-e 

VoLSL 

SEG output low, low Vcc 


0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 5 , DONE 

VoLSH 

SEG output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols < 11.0mA 
SEG 1 -SEG 5 , DONE 

VOHML 

LOOM output high, low Vcc 

Vcc - 0.3 


- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

VoHMH 

LOOM output high, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc > 3.5V, Iohlcom = -33.0mA 

IOLS 

SEG sink current 

11.0 

- 

- 

mA 

At Volsh = 0.4V, Vcc = 6.5V 

IOL 

Open-drain sink current 

5.0 

_ 

_ 

mA 

At V 0L = Vss + 0.3V, HDQ 

VOL 

Open-drain output low 

- 

- 

0.3 

V 

Iol < 5mA, HDQ 

Vihdq 

HDQ input high 

2.5 

_ 

- 

V 

HDQ 

VlLDQ 

HDQ input low 

- 

_ 

0.8 

V 

HDQ 

VlH 

DONE input high 

2.5 

- 

- 

V 

DONE 

VlL 

DONE input low 

. 

_ 

0.5 

V 

DONE 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 


200 

kG 

PROGi-e 

Rfloat 

Float state external impedance 

- 

5 

- 

MG 

PROGi-e 





Note: All voltages relative to Vss- 
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High-Speed Serial Communication Timing Specification (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2013H (write) 

190 

- 


M'S 

See note 

tCYCB 

Cycle time, bq2013H to host (read) 

190 

205 

250 

ps 


tSTRH 

Start hold, host to bq2013H (write) 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2013H to host (read) 

32 

- 

- 

M-S 


tDSU 

Data setup 

. 

- 

50 

MS 


tDSUB 

Data setup 

- 

■ 

50 

ps 


tDH 

Data hold 

90 

_ 

- 

ps 


tDV 

Data valid 

- 

- 

80 

ps 


tssu 

Stop setup 

- 

- 

145 

ps 


tsSUB 

Stop setup 

- 

- 

145 

ps 


tRSPS 

Response time, bq2013H to host 

190 

- 

320 

Ms 


tB 

Break 

190 

- 

- 

ps 


tBR 

Break recovery 

40 

- 

- 

ps 



Note: The open-drain HDQ pin should be pulled to at least Vcc by the host system for proper HDQ operation. 

HDQ may be left floating if the serial interface is not used. 
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Data Sheet Revision History 


ChangeNo. 

Page No. 

Description of Change 

1 

All 

“Final” changes from “Preliminary” version 

2 

3 

Updated application diagram 

2 

8 

Changed charge/discharge default threshold from 200pV to 250pV. 

2 

9 

Changed offset compensation window range from ±200pV to ±250pV 

2 

11 

Designated appropriate locations from “R/W” to “R” 

2 

12 

Changed charge threshold from 200pV to 250pV 

2 

14 

Changed default DMF from 200pV to 250pV 

2 

16 

Added REF absolute maximum rating 

2 

16 

Changed charge/discharge default threshold from 200pV to 250pV 

2 

16 

Added Vsro parameter 

2 

17 

Changed DQ designation to HDQ 

2 

17 

Changed Vol from 0.5V to 0.3V (max.) 

2 

17 

Added Rprog 


Note: Change 1 = Dec. 1998 changes from July 1998 “Preliminary.” 

Change 2 = May 1999 B changes from Dec. 1998. 


Ordering Information 

bq2013H 

Temperature Range: 

blank = Commercial (0 to +70°C) 


— Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2013H Gas Gauge IC 
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bq2014 


Gas Gauge 1C with External Charge Control 


Features 

>■ Conservative and repeatable 
measurement of available charge 
in rechargeable batteries 

> Charge control output operates an 
external charge controller such as 
the bq2004 Fast Charge IC 

>• Designed for battery pack inte- 
gration 

- 120pA typical standby current 

>• Display capacity via single-wire 
serial communication port or di- 
rect drive of LEDs 

Measurements compensated for 
current and temperature 

> Self-discharge compensation using 
internal temperature sensor 

>* User-selectable end-of-discharge 
threshold 

>- Battery voltage, nominal avail- 
able charge, temperature, etc. 
available over serial port 

>■ 16-pin narrow SOIC 


General Description 

The bq2014 Gas Gauge IC is in- 
tended for battery-pack or in-system 
installation to maintain an accurate 
record of available battery charge. 
The IC monitors the voltage drop 
across a sense resistor connected in 
series between the negative battery 
terminal and ground to determine 
charge and discharge activity of the 
battery. 

Self-discharge of NiMH and NiCd 
batteries is estimated based on an 
internal timer and temperature sen- 
sor. Compensations for battery tem- 
perature and rate of charge or dis- 
charge are applied to the charge, dis- 
charge, and self-discharge calcula- 
tions to provide available charge in- 
formation across a wide range of op- 
erating conditions. Battery capacity 
is automatically recalibrated, or 
“learned,” in the course of a dis- 
charge cycle from full to empty. 

The bq2014 includes a charge con- 
trol output that controls an external 
Fast Charge IC such as the bq2004. 


Nominal Available Charge (NAC) 
may be directly indicated using a 
five -segment LED display. 

The bq2014 supports a simple single- 
line bidirectional serial link to an ex- 
ternal processor (with a common 
ground). The bq2014 outputs battery 
information in response to external 
commands over the serial link. 

Internal registers include available 
charge, temperature, capacity, bat- 
tery voltage, battery ID, battery 
status, and programming pin set- 
tings. To support subassembly test- 
ing, the outputs may also be con- 
trolled. The external processor may 
also overwrite some of the bq2014 
gas gauge data registers. 

The bq2014 may operate directly 
from three or four cells. With the 
REF output and an external transis- 
tor, a simple, inexpensive regulator 
can be built to provide Vcc across a 
greater number of cells. 


Pin Connections 




W 


LCOM Q 

1 

16 

□ vcc 

SEG1/PROG1 

2 

15 

□ REF 

SEG2/PROG2 □ 

3 

14 

□ CHG 

SEG3/PROG3 

4 

13 

□ DO 

SEG4/PROG4 □ 

5 

12 

□ EMPTY 

SEG5/PROG5 \~ 

6 

11 

□ SB 

DONE [Z 

7 

10 

□ dIsp 

vss \Z 

8 

9 

□ SR 

16-Pin Narrow SOIC 



PN201401.eps 
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Pin Names 

LCOM LED common output 

SEG 1 /PROG 1 LED segment 1/ 
program 1 input 

SEG 2 /PROG 2 LED segment 2/ 
program 2 input 

SEG 3 /PROG 3 LED segment 3/ 
program 3 input 

SEG 4 /PROG 4 LED segment 4/ 
program 4 input 

SEG 5 /PROG 5 LED segment 5/ 
program 5 input 

DONE Fast charge complete 


REF 

Voltage reference output 

CHG 

Charge control output 

DQ 

Serial communications 
input/output 

EMPTY 

Empty battery indicator 
output 

SB 

Battery sense input 

DISP 

Display control input 

SR 

Sense resistor input 

Vcc 

3.0-6.5V 

Vss 

System ground 
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Pin Descriptions 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off dur- 
ing initialization to allow reading of the soft 
pull-up or pull-down programming resistors. 
LCOM is also in a high impedance state 
when the display is off. 

SEGi- LED display segment outputs (dual func- 
SEG5 tion with PROGi — PROG5) 

Each output may activate an LED to sink 
the current sourced from LCOM. 

PROGi- Programmed full count selection imputs 
PROG5 (dual function with SEGi — SEG5) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Gas gauge rate selection inputs (dual 
PROG4 function with SEG3 — SEG4) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG5 Self-discharge rate selection (dual func- 
tion with SEG5) 

This three-level input pin defines the self- 
discharge compensation rate shown in Ta- 
ble 1. 

CHG Charge control output 

This open-drain output becomes active high 
when charging is allowed. 

DONE Fast charge complete 

This input is used to communicate the 
status of an external charge controller such 
as the bq2004 Fast Charge IC. Note: This 
pin must be pulled down to Vss using a 
200KQ resistor. 
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SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied to the high side of 
the sense resistor. Vsr < Vss indicates dis- 
charge, and Vsr > Vss indicates charge. The 
effective voltage drop Vsro, as seen by the 
bq2014, is Vsr + Vos (see Table 5). 

DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc allows PROGx to connect di- 
rectly to Vcc or Vss instead of th rough a 
pull-up or pull-down reistor. DISP floating 
allows the LED display to be active during 
a valid charge or during discharge if the 
NAC register is updat ed at a rate equiva- 
lent to Vsro ^ -4mV. DISP low activates 
the display. See Table 1. 

SB Secondary battery input 

This input monitors the single-cell voltage 
potential through a high-impedance resis- 
tive divider network for the end-of-discharge 
voltage (EDV) thresholds, maximum charge 
voltage (MCV), and battery removed. 

EMPTY Battery empty output 

This open-drain output becomes high- 
impedance on detection of a valid final end- 
of-discharge voltage (Vedvf) and is low fol- 
lowing the next application of a valid charge. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 

General Operation 

The bq2014 determines battery capacity by monitoring 
the amount of charge input to or removed from a re- 
chargeable battery The bq2014 measures discharge and 
charge currents, estimates self-discharge, monitors the 
battery for low-battery voltage thresholds, and compen- 
sates for temperature and charge/discharge rates. The 
charge measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
battery’s negative terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the envi- 
ronmental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2014 using the LED display capability as a charge- 
state indicator. The bq2014 is configured to display ca- 
pacity in a relative display mode. The relative display 
mode uses the last measured discharge capacity of the 
battery as the battery “full” reference. The LED seg- 
ments output a percentage of the available charge based 
on NAC and LMD. A push-button display feature is 
available for momentarily enabling the LED display. 

The bq2014 monitors the charge and discharge currents 
as a voltage across a sense resistor (see Rs in Figure 1). 
A filter between the negative battery terminal and the 
SR pin is required. 



U3 

SCITVIOYBA 



Figure 1. Battery Pack Application Diagram — LED Display, 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2014 monitors the single-cell battery po- 
tential through the SB pin. The single-cell voltage po- 
tential is determined through a resistor/divider network 
per the following equation: 

— = N - 1 
R3 

where N is the number of cells, R2 is connected to the 
positive battery terminal, and R3 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
and for maximum cell voltage (MCV). EDV threshold 
levels are used to determine when the battery has 
reached an “empty” state, and the MCV threshold is used 
for fault detection during charging. 

Two EDV thresholds for the bq2014 are programmable 
with the default values fixed at: 

EDV1 (early warning) = 1.05V 

EDVF (empty) = 0.95V 

If Vsb is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, independ- 
ent of Vsb, until the next valid charge (as defined in the 
section entitled “Gas Gauge Operation”). The Vsb value 
is also available over the serial port. 

During discharge and charge, the bq2014 monitors Vsr 
for various thresholds. These thresholds are used to 
compensate the charge and discharge rates. Refer to the 
count compensation section for details. EDV monitoring 
is disabled if Vsr < -250mV typical and resumes Vi sec- 
ond after Vsr > -250mV. 

EMPTY Output 

The EMPTY output switches to high impedance when 
Vsb < Vedf and remains latched until a valid charge oc- 
curs. 

Reset 

The bq2014 recognizes a valid battery whenever Vsb is 
greater than 0.1V typical. Vsb rising from below 0.25V 
or falling from above 2.25V (Vmcv) resets the device. Re- 
set can also be accomplished with a command over the 
serial port as described in the Reset Register section. 

Temperature 

The bq2014 internally determines the temperature in 
10°C steps centered from -35°C to +85°C. The tempera- 
ture steps are used to adapt charge and discharge rate 


compensations, self-discharge counting, and available 
charge display translation. The temperature range is 
available over the serial port in 10°C increments as 
shown below: 


TMPGG (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2014 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (C2 and C3) should be placed as close as 
possible to the SB and Vcc pins, respectively, and their 
paths to Vss should be as short as possible. A 
high-quality ceramic capacitor of O.lpf is recommended 
for Vcc. 

■ The sense resistor (Rl, Cl) should be placed as close 
as possible to the SR pin. 

■ The sense resistor (R16) should be as close as 
possible to the bq2014. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2014. The bq2014 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Charge (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2014 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 2. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 

Many actions in the bq2014 are triggered by detection of 
a “valid charge.” NAC is stored in an asynchronous, 2- 
byte counter; the lower byte is NACL and the upper byte 
is NACH. A valid charge has occurred anytime the 


charge lasts long enough to cause an increment in 
NACH. Small increments of charging are not consid- 
ered “valid” if they result in counts in NACL but do not 
generate a roll-over (carry) that increments NACH. 
NACL is reset anytime the counter direction changes 
from down to up, so the number of counts required to 
cause a roll-over and a valid charge is always 256. The 
counter may be incrementing by 2, 4, 8, or more counts 
per increment, however, depending on the scaling fac- 
tors selected. Therefore, a valid charge may be consti- 
tuted by a smaller number of counter increments. 

1. Last Measured Discharge (LMD) or 
learned battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a ca- 
pacity transfer from the DCR to the LMD register. 
The LMD also serves as the 100% reference thresh- 
old used by the relative display mode. 

2. Programmed Full Count (PFC) or initial 
battery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PROGi — PROG 4 . The bq2014 is 
configured for a given application by selecting a 
PFC value from Table 2. The correct PFC may be 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 


Discharged 

(LMD) 


Qualified Register 
Transfer (DCR) 


Temperature 

Translation 


Chip-Controlled Serial 

Available Charge Port 
LED Display 


Temperature Step, 
Other Data 


Figure 2. Operational Overview 




bq201 4 


determined by multiplying the rated battery capac- 
ity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (D) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity for absolute mode provides capacity above the 
full reference for much of the battery's life. 

Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.1Q 

Number of cells = 6 

Capacity = 2200mAh, NiCd battery 

Current range = 50mA to 2A 


Relative display mode 
Serial port only 
Self-discharge = % 4 

Voltage drop over sense resistor = 5mV to 400mV 
Therefore: 

2200mAh * 0.10 = 220mVh 

Select: 

PFC = 33792 counts or 211mVh 

PROGi = float 

PROG 2 = float 

PROG 3 = float 

PROG 4 = low 

PROG 5 = float 

DONE = low 


Table 1. bq2014 Programming 


Pin Connection 

PROGs Seif-Discharge Rate 

DISP Display State 

H 

Disabled 

LED disabled 

Z 

NAC/ 

/ 64 

LED enabled on discharge when 

Vsro < -4mV or during a valid charge 

L 

NAC/ 

/47 

LED on 


Table 2. bq2014 Programmed Full Count mVh Selections 


PROGx 

Programmed 

Full 

Count 

(PFC) 

PROG 4 = L 

PROG 4 = z 

Units 

1 

2 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

- 

- 


Scale = 

1/80 

Scale = 
1/160 

Scale = 
1/320 

Scale = 
1/640 

Scale = 
1/1280 

Scale = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

Z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

VSR equivalent to 2 
counts/s (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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The initial full battery capacity is 211mVh 
(2110mAh) until the bq2014 “learns” a new capacity 
with a qualified discharge from full to EDV1. 

3. Nominal Available Charge (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self- 
discharge to 0. NAC is reset to 0 on initialization 
and on the first valid charge after EDV =1. To pre- 
vent overstatement of charge during periods of over- 
charge, NAC stops incrementing when NAC = LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0 until Vsb < EDV1. Prior to 
NAC = 0 (empty battery), both discharge and self- 
discharge increment the DCR. After NAC = 0, only 
discharge increments the DCR. The DCR resets to 
0 when NAC = LMD. The DCR does not roll over 
but stops counting when it reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to Vedvi if: 

■ No valid charges have occurred during the peri- 
od between NAC = LMD and EDV 1 detected. 

■ The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

■ The temperature is > 0°C when the EDV1 level 
is reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the Vsr input. The bq2014 determines charge activ- 
ity sustained at a continuous rate equivalent to Vsro 
(Vsr + Vos) > Vsrq. Once a valid charge is detected, 
charge counting continues until Vsro falls below Vsrq. 
Vsrq is a programmable threshold (as described in the 
Digital Magnitude Filter section) and has a default 
value of 375|iV. If charge activity is detected, the bq2014 
increments the NAC at a rate proportional to Vsro. If 
enabled, the bq2014 then activates an LED display. 
Charge actions increment the NAC after compensation 
for charge rate and temperature. 


Charge Control 

Charge control is provided by the CHG output. This out- 
put is asserted continuously when NAC > 0.94 * LMD. 
CHG is also asserted when a valid charge is detected 
(CHGS in the FLGS1 register is also set). CHG is low 
when NAC < 0.94 * LMD and there is no valid charge ac- 
tivity. 

DONE Input 

When the bq2014 detects a valid charge complete with 
an active-high signal on the DONE input, NAC is set to 
LMD for na% 4 (NiCd) self-discharge setting. NAC is set 
to 94% of LMD (if NAC is below 94%) for NA % 7 (NiMH) 
self-discharge setting. VDQ is set along with DONE. 

Discharge Counting 

All discharge counts where Vsro < Vsrd cause the NAC 
register to decrement and the DCR to increment if 
EDV1 = 0. Exceeding the fast discharge threshold 
(FDQ) if the rate is equivalent to Vsro < -4mV activates 
the display, if enabled. The display becomes inactive af- 
ter Vsro rises above -4mV. Vsrd is a programmable 
threshold as described in the Digital Magnitude Fil- 
ter section. The default value for Vsrd is -300|iV. 

Self-Discharge Estimation 

The bq2014 continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tempera- 
ture. The self-discharge count rate is programmed to be a 
nominal y 64 * NAC or y 41 * NAC per day or disabled as se- 
lected by PROG 5 . This is the rate for a battery whose 
temperature is between 20°C-30°C. The NAC register 
cannot be decremented below 0. 

Count Compensations 

The bq2014 determines fast charge when the NAC up- 
dates at a rate of > 2 counts/sec. Charge and discharge 
activity is compensated for temperature and charge/dis- 
charge rate before updating the NAC and/or DCR. Self- 
discharge estimation is compensated for temperature 
before updating the NAC or DCR. 

Charge Compensation 

Two charge efficiency compensation factors are used for 
trickle charge and fast charge. Fast charge is defined as 
a rate of charge resulting in > 2 NAC counts/sec (> 0.15C 
to 0.32C depending on PFC selections; see Table 2). The 
compensation defaults to the fast charge factor until the 
actual charge rate is determined. 
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Temperature adapts the charge rate compensation fac- 
tors over three ranges between nominal, warm, and hot 
temperatures. The compensation factors are shown below. 


Charge 

Temperature 

Trickle Charge 
Compensation 

Fast Charge 
Compensation 

< 40°C 

0.80 

0.95 

> 40°C 

0.75 

0.90 


Discharge Compensation 

Corrections for the rate of discharge are made by adjust- 
ing an internal discharge compensation factor. The dis- 
charge factor is based on the dynamically measured Vsr. 

The compensation factors during discharge are: 


Approximate 

Vsr Threshold 

Discharge 
Compensa- 
tion Factor 

Efficiency 

Vsr > -150 mV 

1.00 

100% 

Vsr < -150 mV 

1.05 

95% 


Temperature compensation during discharge also takes place. 
At lower temperatures, the compensation factor increases by 
0.05 for each 10°C temperature range below 10°C. 

Comp, factor = 1.00 + (0.05 * N) 

Where N = number of 10°C steps below 10°C and 
-150mV < Vsr < 0. 

For example: 

T > 10°C: Nominal compensation, N = 0 
0°C < T < 10°C: N = 1 (i.e., 1.00 becomes 1.05) 

-10°C < T < 0°C: N = 2 (i.e., 1.00 becomes 1.10) 

-20°C < T < -10°C: N = 3 (i.e., 1.00 becomes 1.15) 

-20°C <T< -30°C: N = 4 (i.e., 1.00 becomes 1.20) 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of * NAC per day, y 47 * NAC per day, or 
disabled. This is the rate for a battery within the 
20°C-30°C temperature range (TMPGG = 6x). This rate 
varies across 8 ranges from <10°C to >70°C, doubling 
with each higher temperature step (10°C). See Table 3 
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Table 3. Self-Discharge Compensation 


Temperature 

Step 

Typical Rate 

PROGs = Z 

PROGs = L 

< 10°C 

NA %« 

NAC /l88 

10-20°C 

na % s 

NA %4 

20-30°C 

NA %4 

NA % 

30-40° C 

NA % 

NA %, B 

40-50°C 

NA % 

NA %. 8 

50-60°C 

NA % 

NAC /5. 88 

60-70°C 

NAC,/ 

NAC / 294 

> 70°C 

NA /4 

NAC /l.47 


Digital Magnitude Filter 


The bq2014 has a programmable digital filter to elimi- 
nate charge and discharge counting below a set thresh- 
old. The default setting is -0.30mV for Vsrd and 
+0.38mV for Vsrq. The proper digital filter setting can 
be calculated using the following equation. Table 4 
shows typical digital filter settings. 


Vsrd (mV) = 


-45 

DMF 


Vsrq (MV) = -125 * Vsrd 


Table 4. Typical Digital Filter Settings 


DMF 

DMF 

Hex. 

Vsrd 

(mV) 

Vsrq 

(mV) 

75 

4B 

-0.60 

0.75 

100 

64 

-0.45 

0.56 

150 (default) 

96 

-0.30 

0.38 

175 

AF 

-0.26 

0.32 

200 

C8 

-0.23 

0.28 


Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no up- 
dates occur. On initialization, the LMD value includes the 
error between the programmed full capacity and the actual 
capacity. This error is present until a valid discharge oc- 
curs and LMD is updated (see the DCR description on page 
7). The other cause of LMD error is battery wear-out. As 
the battery ages, the measured capacity must be adjusted 
to account for changes in actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description) and is reset 
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Table 5. Current-Sensing Error as a Function of Vsr 


Symbol 

Parameter 

MSSSM 

Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been up- 
dated following 64 valid charges. 

Current-Sensing Error 

Table 5 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and 
discharge counts to the NAC register when Vsro (Vsr + 
Vos) is between Vsrq and Vsrd. 

Communicating With the bq2014 

The bq2014 includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2014 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain DQ pin on 
the bq2014 should be pulled up by the host system, or may 
be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2014. 
The command directs the bq2014 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

The communication protocol is asynchronous retum-to- 
one. Command and data bytes consist of a stream of eight 
bits that have a maximum transmission rate of 333 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 


either polled or interrupt processing. Data input from the 
bq2014 may be sampled using the pulse-width capture 
timers available on some microcontrollers. 

Communication is normally initiated by the host proces- 
sor sending a BREAK command to the bq2014. A 
BREAK is detected when the DQ pin is driven to a 
logic-low state for a time, tB or greater. The DQ pin 
should then be returned to its normal ready-high logic 
state for a time, tBR. The bq2014 is now ready to receive 
a command from the host processor. 

The retum-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmission 
by either the host or the bq2014 taking the DQ pin to a 
logic-low state for a period, tsTRH,B. The next section is the 
actual data transmission, where the data should be valid by 
a period, tnsu, after the negative edge used to start commu- 
nication. The data should be held for a period, tDV, to allow 
the host or bq2014 to sample the data bit. 

The final section is used to stop the transmission by return- 
ing the DQ pin to a logic-high state by at least a period, 
tssu, after the negative edge used to start communication. 
The final logic-high state should be held until a period, tsv, 
to allow time to ensure that the bit transmission was 
stopped properly. The timings for data and break commu- 
nication are given in the serial communication timing 
specification and illustration sections. 

Communication with the bq2014 is always performed 
with the least-significant bit being transmitted first. 
Figure 3 shows an example of a communication se- 
quence to read the bq2014 NAC register. 


Written by Host to bq2014 
CMDR = 03h 


Received by Host to bq2014 
NAC = 65h 


LSB 


MSB | LSB 


MSB 


DQ 


Break 11000000 1 0 1 0 0 1 1 0 

~™ininnMnmr 


Figure 3. Typical Communication With the bq2014 
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bq201 4 Registers 

The bq2014 command and status registers are listed in 
Table 6 and described below. 

Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2014. 
The CMDR register contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. 


The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2014 outputs the requested register 
contents specified by the address portion of 
CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 


The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2014 flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro > Vsrq. A Vsro of less than Vsrq or 
discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


Where CHGS is: 

0 Either discharge activity detected or Vsro < 

Vsrq 

1 Vsro > Vsrq 

The battery replaced flag (BRP) is asserted whenever 
the potential on the SB pin (relative to Vss), Vsb, falls 
from above the maximum cell voltage, MCV (2.25V), or 
rises above 0.1V. The BRP flag is also set when the 
bq2014 is reset (see the RST register description). BRP 
is reset when either a valid charge action increments 
NAC to be equal to LMD, or a valid charge action is de- 
tected after the EDV1 flag is asserted. BRP = 1 signifies 
that the device has been reset. 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

- 

- 

- 

- 


Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDV1 flag is asserted 

1 Vsb dropping from above MCV, Vsb rising 
from below 0.1V, or a serial port initiated 
reset has occurred 

The battery removed flag (BRM) is asserted whenever 
the potential on the SB pin (relative to Vss) rises above 
MCV or falls below 0.1V. The BRM flag is asserted until 
the condition causing BRM is removed. Because of sig- 
nal filtering, 30 seconds may have to transpire for BRM 
to react to battery insertion or removal. 


The BRM values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 


- 

BRM 



- 

- 

- 


Where BRM is: 

0 0.1V< Vsb < 2.25V 

1 0.1V> Vsb or Vsb > 2.25V 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2014 is reset. The flag is cleared 
after an LMD update. 
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Table 6. bq2014 Command and Status Registers 


Symbol 

Register 

Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field | 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

CMDR 

Command 

register 

OOh 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary 
status flags 
register 

Olh 

Read 

CHGS 

BRP 

BRM 

Cl 

VDQ 

n/u 

EDV1 

EDVF 

TMPGG 

Temperature 
and gas gauge 
register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal 
available 
charge high 
byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal 
available 
charge low 
byte register 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID7 

BATID6 

BATID5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last meas- 
ured dis- 
charge regis- 
ter 

05h 

R/W 

LMD7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary 
status flags 
register 

06h 

Read 

CR 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

PPD 

Program pin 

pull-down 

register 

07h 

Read 

n/u 

n/u 

PPD6 

PPD 5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin 
pull-up regis- 
ter 

08h 

Read 

n/u 

n/u 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 
inaccurate 
count register 

09h 

Read 

CPI 7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

DMF 

Digital mag- 
nitude filter 
register 

OAh 

R/W 

DMF7 

DMF6 

DMF5 

DMF4 

DMF3 

DMF2 

DMF1 

DMFO 

VSB 

Battery 

voltage 

OBh 

Read 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 

VTS 

End-of- 
discharge 
threshold se- 
lect 

OCh 

R/W 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTSO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 3 

2 

1 

0 

- 

- 

- 

Cl 


- 

- 


Where Cl is: 


0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or when the device is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2014 is discharged from NAC = LMD or DONE is 
valid. The flag remains set until either LMD is updated 
or one of three actions that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action sustained at Vsro > Vsrq for at 
least 256 NAC counts. 

■ The EDV flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 3 

2 

1 

0 

- 

- 

- 

- VDQ 

- 

- 

' 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV1 is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD or 
DONE is valid 

The first end-of -discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV1 flag is latched until a valid charge has 
been detected. The EDV1 threshold is externally con- 
trolled via the VTS register (see Voltage Threshold Reg- 
ister on this page). 


The EDV 1 values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

EDV1 

- 


Where EDV1 is: 

0 Valid charge action detected, V sb ^ Vts 

1 Vsb < Vts providing that OVLD=0 (see 
FLGS2 register description) 

The final end-of discharge warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EMPTY pin is also forced to a high-impedance state on 
assertion of EDVF. The host system may pull EMPTY 
high, which may be used to disable circuitry to prevent 
deep-discharge of the battery. The EDVF threshold is 
set lOOmV below the EDV1 threshold. 

The EDVF values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 


- 

- 

EDVF 


Where EDVF is: 

0 Valid charge action detected, 

Vsb ^ Vts - lOOmV 

1 Vsb < Vts - lOOmV providing that OVLD=0 
(see FLGS2 register description) 

Voltage Threshold Register (VTS) 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address=0ch). 
The read/write VTS register sets the EDV1 trip point. 
EDVF is set lOOmV below EDV1. The default value in 
the VTS register is 70h, representing EDV1 = 1.05V and 
EDVF = 0.95V. EDV1 = 2.4V * (VTS/256). 


VTS Register Bits 

7 

6 

5 4 

3 

2 

1 

0 

VTS7 

VTS6 

VTS5 VTS4 

VTS3 

VTS2 

VTS1 

VTSO 


Battery Voltage Register (VSB) 

The read-only battery voltage register is used to read 
the single-cell battery voltage on the SB pin. The VSB 
register is updated approximately once per second with 
the present value of the battery voltage. 

Vsb = 2.4V *(VSB/256) 


VSB Register Bits 

7 

6 

5 

4 

3 

2 

1 

0 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 
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Temperature and Gas Gauge Register 
(TMPGG) 

The read-only TMPGG register (address=02h) contains 
two data fields. The first field contains the battery tem- 
perature. The second field contains the available charge 
from the battery. 


TMPGG Temperature Bits 

7 

6 

5 

4 

3 

2 

~ 

_2J 

0 

TMP3 

TMP2 

TMP1 

TMPO 

- 





The bq2014 contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown in Table 7. 

The bq2014 calculates the available charge as a function 
of NAC, temperature, and LMD. The results of the cal- 
culation are available via the display port or the gas 
gauge field of the TMPGG register. The register is used 
to give available capacity in y & increments from 0 to !% 6 . 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 2 

1 

0 

- 


”1 

- 

GG3 GG2 

GG1 

GGO 


The gas gauge display and the gas gauge portion of the 
TMPGG register are adjusted for cold temperature de- 
pendencies. A piece-wise correction is performed as fol- 
lows: 


Temperature 

Available Capacity Calculation 

>0°C 

NAC / “Full Reference” 

-20°C < T < 0°C 

0.75 * NAC / “Full Reference” 

< -20°C 

0.5 * NAC / “Full Reference” 


The adjustment between > 0°C and -20°C < T < 0°C has a 
10°C hysteresis. 

Nominal Available Charge Register 
(NACH/NACL) 

The read/write NACH register (address=03h) and the 
read-only NACL low-byte register (address=17h) are the 
main gas gauging registers for the bq2014. The NAC 
registers are incremented during charge actions and 
decremented during discharge and self-discharge ac- 
tions. The correction factors for charge/discharge effi- 
ciency are applied automatically to NAC. 


Table 7. Temperature Register Translation 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


On reset, NACH and NACL are cleared to 0. When the 
bq2014 detects a charge, NACL resets to 0. NACH and 
NACL are reset to 0 on the first valid charge after Vsb = 
EDV1. Writing to the NAC registers affects the available 
charge counts and, therefore, affects the bq2014 gas 
gauge operation. Do not write the NAC registers to a 
value greater than LMD. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2014. There is no de- 
fault setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2014 uses as a measured full reference. The bq2014 
adjusts LMD based on the measured discharge capacity 
of the battery from full to empty. In this way the bq2014 
updates the capacity of the battery. LMD is set to PFC 
during a bq2014 reset. 

Secondary Status Flags Register (FLGS2) 

The read-only FLGS2 register (address=06h) contains 
the secondary bq2014 flags. 

The charge rate flag (CR) is used to denote the fast 
charge regime. Fast charge is assumed whenever a 
charge action is initiated. The CR flag remains asserted 
if the charge rate does not fall below 2 counts/sec. 
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The CR values are: 


FLGS2 Bits 

7 

6 

5 4 

3 2 1 

0 

CR 

- 

- 

" 

- 


- 


Where CR is: 

0 When charge rate falls below 2 counts/sec 

1 When charge rate is above 2 counts/sec 

The fast charge regime efficiency factors are used when 
CR = 1. When CR = 0, the trickle charge efficiency fac- 
tors are used. The time to change CR varies due to the 
user-selectable count rates. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

DR2 

DR1 

DRO 

- 

- 

- 



They are used to determine the current discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

Vsr (V) 

0 

0 

0 

Vsr > -150mV 

0 

0 

1 

Vsr < -150mV 


The overload flag (OVLD) is asserted when a discharge 
overload is detected, Vsr < -250mV. OVLD remains as- 
serted as long as the condition persists and is cleared af- 
ter Vsr > -150mV. The overload condition is used to stop 
sampling of the battery terminal characteristics for 
end-of-discharge determination when excessive dis- 
charges occur. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 


- 

- 

OVLD 


DR2-0 and OVLD are set based on the measurement of the 
voltage at the SR pin relative to Vss- The rate at which 
this measurement is made varies with device activity. 

Program Pin Pull-Down Register (PPD) 

The read-only PPD register (address=07h) contains some 
of the programming pin information for the bq2014. The 
segment drivers, SEGi _5 and DONE, have corresponding 
PPD register locations, PPDi_ 6 . A given location is set if a 
pull-down resistor has been detected on its corresponding 
segment driver. For example, if SEGi and SEG 4 have 
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pull-down resistors, the contents of PPD are xxlOlOOl. 
(Note: DONE must be pulled down for proper operation.) 

Program Pin Pull-Up Register (PPU) 

The read-only PPU register (address=08h) contains the 
rest of the programming pin information for the bq2014. 
The segment drivers, SEG 1-5 and DONE, have corre- 
sponding PPU register locations, PPUi_ 6 . A given loca- 
tion is set if a pull-up resistor has been detected on its 
corresponding segment driver. For example, if SEG 3 and 
DONE have pull-up resistors, the contents of PPU are 
xxlOOlOO. 


PPD/PPU Bits 

8 

7 

6 

5 

4 

3 

2 

1 

- 

- 

PPU 6 

PPU 5 

PPU4 

PPU3 

PPU 2 

PPUl 

- 

- 

PPD 6 

ppd 5 

ppd 4 

ppd 3 

PPD2 

PPDi 


Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to in- 
dicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a re- 
chargeable battery varies with age and operating condi- 
tions, the bq2014 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV1=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 * LMD, however, 
the CPI register increments on the first valid charge; 
CPI does not increment again for a valid charge until 
NAC < 0.94 * LMD. This prevents continuous trickle 
charging from incrementing CPI if self-discharge decre- 
ments NAC. The CPI register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. The CPI register is reset 
whenever an update of the LMD register is performed, 
and the Cl flag is also cleared. 

Digital Magnitude Filter (DMF) 

The read-write DMF register (address=0Ah) provides 
the system with a means to change the default settings 
of the digital magnitude filter. By writing different val- 
ues into this register, the limits of Vsrd and Vsrq can be 
adjusted. 

Note: Care should be taken when writing to this regis- 
ter. A Vsrd and Vsrq below the specified Vos may ad- 
versely affect the accuracy of the bq2014. Refer to Table 
4 for recommended settings for the DMF register. 
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Reset Register (RST) 

The reset register (address=39h) provides the means to 
perform a software-controlled reset of the device. By 
writing the RST register contents from OOh to 80h, a 
bq2014 reset is performed. Setting any bit other than 
the most- significant bit of the RST register is not al- 
lowed, and results in improper operation of the bq2014. 

Resetting the bq2014 sets the following: 

■ LMD = PFC 

■ CPI, VDQ, NAC, and NACL = 0 

■ Cl and BRP = 1 

Note: Self-discharge is disabled when PROG 5 = H. 

Display 

The bq2014 can directly display capacity information us- 
ing low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to Vcc or Vss for a pro- 
gram high or program low, respectively.. 

The bq2014 displays the battery charge state in relative 
mode. In relative mode, the battery charge is repre- 
sented as a percentage of the LMD. Each LED segment 
represents 20% of the LMD. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does 
not affect the NAC register. The temperature adjust- 
ments are detailed in the TMPGG register description. 


When DISP is tied to Vcc, the SEG 1-5 outputs are inac- 
tive. Note: DISP mu st be tied to Vcc if the LEDs 
are not used. When DISP is left floating, the display 
becomes active whenever the NAC registers are count- 
ing at a rate equivalent to Vsro < -4mV or charge cur- 
rent is detected, Vsro > Vsrq. When pulled low, the seg- 
ment o utputs become active immediately. A capacitor 
tied to DISP allows the display to remain active for a 
short period of time after activation by a push-button 
switch. 

The segment outputs are modulated as two banks of 
three, with segments 1, 3, and 5 alternating with seg- 
ments 2 and 4. The segment outputs are modulated at 
approximately 100Hz, with each segment bank active 
for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedvi (EDV1 = 1), indicating a low- 
battery condition. Vsb below Vedvf (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2014 can operate directly from 3 or 4 cells. To facili- 
tate the power supply requirements of the bq2014, an REF 
output is provided to regulate an external low-threshold n- 
FET. A micropower source for the bq2014 can be inexpen- 
sively built using the FET and an external resistor; see 
Figure 1. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

7.0 

V 


All other pins 

Relative to Vss 

-0.3 

7.0 

V 


REF 

Relative to Vss 

-0.3 

8.5 

V 

Current limited by R1 (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2014 appli- 
cation note for details). 

Topr 

Operating tempera- 
ture 

0 

70 

°c 

Commercial 

-40 

85 

°c 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds <ta = topr; v = 3.0 to e.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning, default 

0.92 

0.95 

0.98 

V 

SB 

Vedvi 

First empty warning, default 

1.02 

1.05 

1.08 

V 

SB 

VsRl 

Discharge compensation threshold 

-120 

-150 

-180 

mV 

SR 

VsRO 

SR sense range 

-300 

- 

2000 

mV 

SR 

VoVLD 

Overload threshold 

-220 

-250 

-280 

mV 

SR 

VSRQ 

Valid charge 

375 

- 

- 

HV 

Vsr + Vos (see note 1) 

VSRD 

Valid discharge 

- 

- 

-300 

HV 

Vsr + Vos (see note 1) 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

SB 

Vbr 

Battery removed/replaced 

- 

0.1 

0.25 

V 

SB pulled low 

2.20 

2.25 

2.30 

V 

SB pulled high 


Notes: 1. Default value; value set in DMF register. Vos is affected by PC board layout. Proper layout guide 

lines should be followed for optimal performance. 

2. To ensure correct threshold determination and proper operation, Vcc > Vsb + 1.5V 
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bq2014 


DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

M-V 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ 

Vref = 3V 

Icc 

Normal operation 

_ 

90 

135 

pA 

V CC = 3.0V 

- 

120 

180 

pA 

Vnc = 4.25V 

_ 

170 

250 

pA 

Vcc = 6.5V 

V SB 

Battery input 

_ 

_ 

2.4 

V 


RsBmax 

SB input impedance 

10 

- 

- 

MQ 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

_ 

_ 

5 

pA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

_ 

0.2 

pA 

DISP = Vcc 

Rdq 

Internal pulldown 

500 

_ 

_ 

KQ 


V S R 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 

_ 

- 

MQ 

-200mV < Vsr < Vcc 

Vih 

Logic input high 

Vcc - 0.2 

_ 

_ 

V 

PROG 1 -PROG 5 

Vil 

Logic input low 

_ 

_ 

V SS + 0.2 

V 

PROG 1 -PROG 5 ; note 2 

Viz 

Logic input Z 

float 

_ 

float 

V 

PROG1-PROG5 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, Iols < 1.75mA 
SEG 1 -SEG 5 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEG 1 -SEG 5 

V OHLCL 

LOOM output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

V OHLCH 

LOOM output high, high Vcc 

Vcc - 0.6 

_ 

_ 

V 

Vcc = 6.5V, Iohlcom = -33.0mA 

IlH 

PROG 1-5 input high current 

_ 

1.2 


pA 

Vprog = Vcc/2 

IlL 

PROG 1-5 input low current 

_ 

1.2 

. 

pA 

Vprog = Vcc/2 

lOHLCOM 

LOOM source current 

-33 

_ 

_ 

mA 

At Vohlch = Vcc - 0.6V 

IOLS 

SEGx sink current 

_ 

_ 

11.0 

mA 

At Volsh = 0.4V 

IOL 

Open-drain sink current 

- 

- 

5.0 

mA 

At Vol = Vss + 0.3V 

DQ, EMPTY, CHG 

VOL 

Open-drain output low 


_ 

0.5 

V 

Iol < 5mA, DQ, EMPTY 

Vihdo 

DQ input high 

2.5 

_ 

. 

V 

DQ 

ViLDO 

DQ input low 

_ 

_ 

0.8 

V 

DQ 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

KQ 

PROG 1 -PROG 5 

Rfloat 

Float state external impedance 

- 

5 

- 

MQ 

PROG 1 -PROG 5 


Notes: 1 . All voltages relative to Vss. 

2. DONE must be pulled low for proper operation. 
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Serial Communication Timing Specification 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2014 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2014 to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2014 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2014 to host 

500 

- 

- 

|IS 


tDSU 

Data setup 

- 

- 

750 

ps 


tDH 

Data hold 

750 

- 

- 

JLL S 


tDV 

Data valid 

1.50 

- 

- 

ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 

- 

ps 


tsv 

Stop valid 

2.95 

- 

- 

ms 


tB 

Break 

3 

- 

- 

ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Note: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing Illustration 
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Data Sheet Revision History 


ChangeNo. 

Page No. 

Description 

Nature of Change 

1 

1, 3, 5, 6, 7, 13, 15 

Changed display mode 

Relative display mode only 

1 

1, 17 

DONE pin 

Removed PROG6 

1 

2, 17 

DONE pin 

Added: DONE pin must be pulled to Vss 
with a 200KG resistor 

1 

6 

Table 1 

Removed PROG6 

1 

7 

DONE input 

Was: NAC is set to 90%. .. 

Is: NAC is set to 94%.. . 

1 

8, Table 3 

prog 5 = z 

Was: PROG 5 = Z or H 

Is: PROG 5 = Z 

2 

8 

Temperature Compen- 
sation table 

Replaced 

2 

6 

Table 2 

Added Vsr definition 

2 

6 

Valid charge definition 

Added definition 

2 

14 

Overload flag 

Was: 0.5sec. after Vsr> -250mV 

Is: after Vsr = -150mV 


Notes: Change 1 = Dec. 1994 B “Final” changes from Aug. 1994 A “Preliminary.” 

Change 2 = Dec. 1995 C from Dec. 1994 B. 


Ordering Information 


bq2014 

Temperature Range: 

blank = Commercial (0 to +70°C) 
N = Industrial (-40 to +85°C)* 

Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2014 Gas Gauge IC 


Contact factory for availability. 





Product Brief EV2014 

bq2014 Evaluation Board 



UNITRODE 


Features 

>- bq2014 Gas Gauge IC evaluation and development 

system 

>► PC interface hardware for easy access to 

state-of-charge information via the serial port 

>• Alternative terminal block for direct connection to 
the serial port 

>- Battery state-of-charge monitoring for 5- to 10-cell 
(series) applications (2 user-selectable options for 3, 
4, or greater than 10 cells) 

>► On-board regulator for greater than 4-cell 
applications 

>- State-of-charge information displayed on bank of 5 
LEDs 

>► Nominal capacity jumper-configurable 
>► Cell chemistry jumper-configurable 

General Description 

The EV2014 evaluation system provides a development 
and evaluation environment for the bq2014 Gas Gauge 
IC. The EV2014 incorporates a bq2014, a sense resistor, 
and all other hardware necessary to provide a capacity 
monitoring functiion for 3 to 12 series NiCd or NiMH cells. 

Hardware for an PC interface is included on the EV2014 
so that easy access to the battery state-of-charge infor- 
mation can be achieved via the serial port of the bq2014. 
Direct connection to the serial port of the bq2014 is also 
made available for check-out of the final hardware/soft- 
ware implementation. 



The menu-driven software provided with the EV2014 
displays charge/discharge activity and allows user inter- 
face to the bq2014 from any standard DOS PC. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 
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Product Brief EV2014X 


■■■■ UNITRODE- 

Gas Gauge and Fast Charge 
Evaluation System 


Features 

>► bq2014 Gas Gauge and bq2004 Fast Charge 

evaluation and development system 

>* Battery state-of-charge monitoring and fast charge 
control of four to ten NiCd or NiMH cells 

>► Charge current sourced from an on-board 
switch-mode regulator (up to 3.0 A) 

>- Fast charge termination by AT/At, -AV, PVD, 
maximum temperature, maximum time, and 
maximum voltage 

>► PC interface hardware for easy access to 
state-of-charge information 

>► Nominal capacity and cell chemistry are jumper 
configurable 

General Description 

The EV2014x evaluation system provides a development 
and evaluation environment for the bq2014 Gas Gauge 
IC and the bq2004 Fast Charge IC. The EV2014x incor- 
porates a bq2014, a bq2004, and all the external compo- 
nents required to reliably fast charge and accurately 
monitor the capacity of four to ten NiCd or NiMH cells. 

The bq2004 regulates the fast charge current. Fast 
charge is terminated by any of the following: AT/At (the 
rate of change in temperature versus time), -AV (nega- 
tive voltage change) or PVD (peak voltage detect), maxi- 
mum temperature, maximum time, and maximum 
voltage. The board provides a direct connection for an 
NTC thermistor. Jumper settings select the voltage ter- 
mination mode, the termination hold-off time, top-off, 
and maximum charge time limits. 



The EV2014x includes a PC interface for easy access to 
the battery state of charge information via the serial 
port of the bq2014. The menu-driven gas gauge software 
provided displays charge/discharge activity and allows 
user interface to the bq2014 from any standard DOS PC. 

The user supplies the power supply and the batteries. 
The user configures the EV2014x board for the number 
of cells, nominal battery capacity, and cell chemistry. On- 
board LEDs indicate charging status and remaining ca- 
pacity. The capacity LEDs are activated by the push 
button switch. 

A full data sheet for this product is available on the 
Unitrode web site, or you may contact the factory for 
one. 


10/97 


Rev. C Board 


4-145 


EV2014x Board Schematic 


J1 
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EV2014x Board Schematic (Continued) 


]> 220K Cl 1 _ 
>SR2 o.i uf 


1N4148 D23 
R17 


>R26 >R27 

> 909K< USEFLDEFINED 


r-° LOOM 

bJ U2 

_ LCOM VCC[— 1®. 

- SEG1 REF — IS— 

-SEG2 CHG -44- 

- SEG3 DQ —12— 

- SEG4 EMPTY — li 

- SEG5 SB 
-DONE D1SP— 12- 

- VSS SR — 2_ 
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■■■ UNIT RODE 


Features 

> Accurate measurement of avail- 
able capacity in NiCd or NiMH 
batteries 

> Low-cost battery management so- 
lution for pack integration 

- As little as 34 square inch of 
PCB for complete circuit 

- Low operating current ( 120pA 
typical) 

- Less than lOOnA of data 
retention current 

> High-speed (5kb/s) single- wire 
communication interface (HDQ 
bus) for critical battery 
parameters 

>■ Communication with an external 
charge controller such as the 
bq2004 

>- Direct drive of remaining capacity 
LEDs 

>• Automatic rate and temperature 
compensation of measurements 

V 16-pin narrow SOIC 


Pin Connections 







LCOM Q 

1 

16 

□ Vcc 

SEG1/PROG1 Q 

2 

15 

z\ REF 

SEG2/PROG2 \Z 

3 

14 

Z\ NC 

SEG3/PROG3 \z 

4 

13 

Z\ HDQ 

SEG4/PROG4 \Z 

5 

12 

Z\ RBI 

SEG5/PROG5 \Z 

6 

11 

HI SB 

DONE \Z 

7 

10 

Z\ DISP 

vssE 

8 

9 

□ SR 

16 -Pin Narrow SOIC 
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Preliminary bq2014H 

Low-Cost NiCd/NiMH Gas Gauge 1C 


General Description 

The bq2014H NiCd/NiMH Gas 
Gauge IC is intended for battery- 
pack or in-system installation to 
maintain an accurate record of 
available battery capacity. The IC 
monitors a voltage drop across a 
sense resistor connected in series 
between the negative battery termi- 
nal and ground to determine 
charge and discharge activity of 
the battery. Compensations for bat- 
tery temperature, self-discharge, 
and rate of discharge are applied to 
the charge counter to provide avail- 
able capacity information across a 
wide range of operating conditions. 
Battery capacity is automatically re- 
calibrated, or “learned,” in the 
course of a discharge cycle from full 
to empty. 

Nominal available capacity may be 
directly indicated using a five- 
segment LED display The bq2014H 
also supports a simple single-line 


bidirectional serial link to an exter- 
nal processor (common ground). The 
5kb/s HDQ bus interface reduces 
communications overhead in the 
external microcontroller. 

Internal registers include available 
capacity and energy, temperature, 
voltage and current, and battery 
status. The external processor may 
also overwrite some of the bq2014H 
gas gauge data registers. 

The bq2014H can operate from the 
batteries in the pack. The REF out- 
put and an external transistor allow 
a simple, inexpensive voltage regu- 
lator to supply power to the circuit 
from the cells. 


Pin Names 



LCOM 

LED common output 

V ss 

System ground 

SEG1/PROG1 

LED segment 1 / 

SR 

Sense resistor input 


program 1 input 





DISP 

Display control input 

SEG 2 /PROG 2 

LED segment 2 / 
program 2 input 

SB 

Battery sense input 

SEG3/PROG3 

LED segment 3 / 
program 3 input 

RBI 

Register backup input 



HDQ 

Serial communications 

SEG4/PROG4 

LED segment 4 / 
program 4 input 


input/output 



NC 

No connect 

SEG5/PROG5 

LED segment 5 / 
program 5 input 

REF 

Voltage reference output 

DONE 

Charge complete 
input 

Vcc 

Supply voltage 



bq2014H Preliminary 


Pin Descriptions 

LOOM LED common output 

Open-drain output that switches Vcc to 
source current for the LEDs. The switch is 
off during initialization to allow reading of 
the soft pull-up or pull-down program resis- 
tors. LOOM is also high impedance when the 
display is off. 

SEGi- LED display segment outputs (dual func- 

SEG5 tion with PROG1-PROG5) 

Outputs that each may activate an LED to 
sink the current sourced from LOOM. 

PROGi- Programmed full count selection inputs 
PROG2 (dual function with SEG1-SEG2) 

Three-level input pins that define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Power gauge scale selection inputs (dual 

PROG4 function with SEG3-SEG4) 

Three-level input pins that define the scale 
factor described in Table 2. 

PROG5 Self-discharge rate selection (dual func- 

tion with SEG5) 

Three-level input pin that defines the 
self-discharge and battery-compensation fac- 
tors as shown in Table 1. 

DONE Charge complete input 

Communicates the status of an external 

charge-controller such as the bq2004 Fast- 
Charge IC to the bq2014H. Note: This pin 
must be pulled down to Vss using a 200kQ 
resistor. 

VSS Ground 

SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. Vsr < Vss indicates discharge, and Vsr > 
Vss indicates charge. The effective voltage 
drop, VsRO, as seen by the bq2014H is Vsr + 

Vos. 
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DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc allows PROGx to connect di- 
rectly to Vcc or Vss instead of th rough a 
pull-up or pull-down resistor. DISP floating 
allows the LE D display to be active during 
charge. DISP low activates the display. See 
Table 1. 

SB Secondary battery input 

Monitors the battery cell-voltage potential 
through a high-impedance resistive divider 
network for end-of-discharge voltage (EDV) 
thresholds and for battery-removed 
detection. 

RBI Register backup input 

Provides backup potential to the bq2014H reg- 
isters while Vcc ^ 3V. A storage capacitor or 
a battery can be connected to RBI. 

HDQ Serial communication input/output 

This is the open-drain bidirectional commu- 
nications port. 

NC No connect 

REF Voltage reference output 

REF provides a voltage reference output for 
an optional microregulator. 

Vcc Supply voltage input 


4-150 




Preliminary bq2014H 


Functional Description 

General Operation 

The bq2014H determines battery capacity by moni- 
toring the amount of current input to or removed 
from a rechargeable battery. The bq2014H mea- 
sures discharge and charge currents, measures bat- 
tery voltage, estimates self-discharge, monitors the 
battery for low battery-voltage thresholds, and com- 
pensates for temperature and charge/discharge rate. 
Current measurement is made by monitoring the 
voltage across a small-value series sense resistor be- 
tween the negative battery terminal and ground. 
The bq2014H compensates the nominal available 
capacity register for discharge rate and tempera- 
ture and reports the compensated available 
capacity. The bq2014H uses the compensated available 


capacity to drive the LED display. In addition, the 
bq2014H estimates the available energy using the aver- 
age battery voltage during the discharge cycle and re- 
maining compensated available capacity. 

Figure 1 shows a typical battery pack application of the 
bq2014H using the LED display capability as a charge- 
state indicator. The bq2014H is configured to display 
capacity in relative display mode. The relative display 
mode uses the last measured discharge capacity of the 
battery as the battery “full” reference. A push-button 
display feature is available for momentarily enabling 
the LED display. 

The bq2014H monitors the charge and discharge cur- 
rents as a voltage across a sense resistor. (See Rs in Fig- 
ure 1.) A filter between the negative battery terminal 
and the SR pin is required. 




bq2014H 


Gas-Gauge 1C 



REF 

LCOM 


SEG-i/PROG-i 

SB 

seg 2 /prog 2 

DisP 

ot:^3/r nvJLa3 


SEG 4 /PROG 4 

SR 

SEG 5 /PROG 5 


DONE 

vss 


RBI 


HDQ 


Hi 

-AW- 




Q1 

jg ZVNL110A 


Cl 


T 


Vcc 


RB-) 


£ V CC 4= C2 I 

r 

1 00 K — 


X. 0.1 iaf 


Rs 


: m: 


AAAr- 

1 M 


— J See note 4 


Notes: 

1 . j_ J Indicates optional. 

2. Programming resistors (5 max.) and ESD-protection diodes are not shown. 

3. RC on SR is required. 


Charger 


4. A series diode is required on RBI if the bottom series cell is used as the backup source. 

If the cell is used, the backup capacitor is not required, and the anode is connected to the 
positive terminal of the cell. 


F2014HBP. 



Figure 1. Battery Pack Application Diagram — LED Display 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2014H monitors the battery potential 
through the SB pin for the end-of-discharge voltage (EDV) 
thresholds. 

The EDV threshold levels are used to determine when 
the battery has reached an “empty” state. 

The EDV thresholds for the bq2014H are programmable 
with the default values fixed as follows: 

EDV1 (first) = 0.76V 

EDVF (final) = EDV1 - 0.025V = 0.735V 

The battery voltage divider (RBI and RB2 in Figure 1) is 
used to scale these values to the desired threshold. 

If Vsb is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, independ- 
ent of Vsb, until the next valid charge. 

EDV monitoring is disabled if the discharge rate is 
greater than 2C (OVLD Flag = 1) and resumes y 2 second 
after the rate falls below 2C. The Vsb value is available 
over the serial port. 

RBI Input 

The RBI input pin is used with a storage capacitor or ex- 
ternal supply to provide backup potential to the internal 
bq2014H registers when Vcc drops below 3.0V. Vcc is 
output on RBI when Vcc is above 3.0V. If using an exter- 
nal supply (such as the bottom series cell) as the backup 
source, an external diode is required for isolation. 

Reset 

The bq2014H can be reset by removing Vcc and ground- 
ing the RBI pin for 15 seconds or by commands over the 
serial port. The serial port reset command sequence re- 
quires writing OOh to register PPFC (address = lEh) and 
then writing OOh to register LMD (address = 05h). 

Temperature 

The bq2014H internally determines the temperature in 
10°C steps centered from approximately -35°C to +85°C. 
The temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 
available charge display translation. 

The temperature range is available over the serial port 
in 10°C increments, as shown in the following table 


TMP (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

>80°C 


Layout Considerations 

The bq2014H measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small-signal ground causes undesirable 
noise on the small-signal nodes. Additionally: 

■ The capacitors (Cl and C2) should be placed as 
close as possible to the Vcc and SB pins, 
respectively, and their paths to Vss should be as 
short as possible. A high-quality ceramic capacitor 
of O.lpF is recommended for VCC- 

■ The sense-resistor capacitor should be placed as close 
as possible to the SR pin. 

■ The sense resistor (Rs) should be as close as possible to 
thebq2014H. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2014H. The bq2014H accumu- 
lates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. The accumu- 
lated charge and discharge currents are adjusted for 
temperature and rate to provide the indication of com- 
pensated available capacity to the host system or user. 

The main counter, Nominal Available Capacity (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register is used to update the Last 
Measured Discharge (LMD) register only if a complete 
battery discharge from full to empty occurs without any 
partial battery charges. Therefore, the bq2014H adapts 
its capacity determination based on the actual condi- 
tions of discharge. 


The battery's initial capacity equals the Programmed 
Full Count (PFC) shown in Table 2. Until LMD is up- 
dated, NAC counts up to but not beyond this threshold 
during subsequent charges. This approach allows the 
gas gauge to be charger-independent and compatible 
with any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
representing a discharge from full to below EDV1. 
A qualified discharge is necessary for a capacity 
transfer from the DCR to the LMD register. The 
LMD also serves as the 100% reference threshold 
used by the relative display mode. 


Inputs 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 


Charge 

Current 


Discharge Self-Discharge 

Current Timer 



Charge Discharged Qualified Register 

(NAC) (LMD) Transfer (DCR) 







Rate and 
Temperature 
Compensation 


i 


1 1 


I — Temperature Step, 
Other Data 


* * 


Compensated Serial 

Available Charge Port 

LED Display, etc. F2oi4Hoo.eps 


Figure 2. Operational Overview 
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2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PROG1-PROG4. The bq2014H 
is configured for a given application by selecting a 
PFC value from Table 2. The correct PFC may be 
determined by multiplying the rated battery capac- 
ity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity provides a conservative capacity reference until 
the bq2014H “learns” a new capacity reference. 


Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.05Q 

Number of cells = 10 

Capacity = 3500mAh, NiMH 

Current range = 50mA to 1A 

Relative display mode 

Self-discharge = NA % 7 per day @ 25°C 

Voltage drop over sense resistor = 2.5mV to 50mV 

Nominal discharge voltage = 1.2V 

Therefore: 

3500mAh * 0.05Q = 175mVh 


Table 1 . Self-Discharge and Capacity Compensation 


Pin 

PROG5 

DISP 

Connection 

Self-Discharge Rate 

Display State 

H 

Disabled 

LEDs disabled 

Z 

na % 

LEDs on when charging 

L 

NA %7 

LEDs on for 4s 


Table 2. bq2014H Programmed Full Count mVh, Vsr Gain Selections 


PROGx 

Pro- 

grammed 

Full 

Count 

(PFC) 

PROG4 = L 

PROG4 = Z or H 

Units 

1 

2 

PROG3 = H 

PROG 3 = z 

PROG3 = L 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

- 

- 

- 

SCALE = 
1/80 

SCALE = 
1/160 

SCALE = 
1/320 

SCALE = 
1/640 

SCALE = 
1/1280 

SCALE = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

Vsr equivalent to 2 
counts/s (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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Select: 

PFC = 27648 counts or 173mVh 

PROGi = low 

PROG2 = high 

PROG3 = float 

PROG4 = low 

PROG5 = low 

The initial full battery capacity is 173mVh 
(3460mAh) until the bq2014H “learns” a new capac- 
ity with a qualified discharge from full to EDV1. 

3. Nominal Available Capacity (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self-dis- 
charge to 0. NAC is reset to 0 on initialization and 
on the first valid charge following discharge to 
EDV1. To prevent overstatement of charge during 
periods of overcharge, NAC stops incrementing 
when NAC = LMD or 0.94 * LMD if T < 0°C. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge in- 
crement the DCR. After NAC = 0, only discharge 
increments the DCR. The DCR resets to 0 when 
NAC > 0.94 * LMD and a discharge is detected. The 
DCR does not roll over but stops counting when it 
reaches FFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to VEDV1 if all 
the following conditions are met: 

■ No valid charge initiations (charges greater than 
2 NAC updates where VSRO > VsRQ) occurred 
during the period between NAC >0.94 * LMD and 
EDV1. 

■ The self-discharge is less than 6.25% of NAC. 

■ The temperature is > 0°C when the EDV1 level 
is reached during discharge. 

■ The discharge begins when NAC > 0.94 * LMD. 

■ VDQ is set. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. If 
the DCR update value is less than 0.94 * LMD, 
LMD will only be modified by 0.94 * LMD. This pre- 
vents invalid DCR values from corrupting LMD. 

5. Scaled Available Energy (SAE): 

SAE is useful in determining the available energy 
within the battery, and may provide a more useful 


capacity reference in battery chemistries with 
sloped voltage profiles during discharge. SAE may 
be converted to an mWh value using the following 
formula: 

E(mWh) = (SAEH * 256 + SAEL) * 

1.2 * SCALE * (Rbi + Rb2) 

Rs * Rb 2 

where Rbi, Rb2, and Rs are resistor values in 
ohms, as shown in Figure 1. SCALE is the selected 
scale from Table 2. 

6. Compensated Available Capacity (CACT) 

CACT counts similarly to NAC, but contains the 
available capacity compensated for discharge rate 
and temperature. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the SR input. If charge activity is detected, the 
bq2014H increments NAC at a rate proportional to Vsr 
and, if enabled, activates the LED display. 

The bq2014H counts charge activity when the voltage at 
the SR input (Vsro) exceeds the minimum charge 
threshold (VsRQ). A valid charge is detected when NAC 
has been updated twice without discharging or reaching 
the digital magnitude filter time-out. Once a valid 
charge is detected, charge counting continues until Vsr, 
including offset, falls below VSRQ. 

Discharge Counting 

Discharge activity is indicated by a negative voltage on 
the SR input. All discharge counts where VSRO is less 
than the minimum discharge threshold (VsRD) cause 
the NAC register to decrement and the DCR to 
increment. 

Self-Discharge Counting 

The bq2014H continuously decrements NAC and incre- 
ments DCR for self-discharge on the basis of time and tem- 
perature. 

Charge/Discharge Current 

The bq2014H current-scale registers, VSRH and VSRL, 
can be used to determine the battery charge or dis- 
charge current. See the Current Scale Register descrip- 
tion for details. 
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Count Compensations 

Charge Compensation 

Two charge efficiency compensation factors are used for 
trickle and fast charge. Trickle charge is defined as a rate 
of charge < C/3. The compensation defaults to the fast- 
charge factor until the actual charge rate is determined. 

Temperature adapts the charge rate compensation fac- 
tors over two ranges between nominal and hot tempera- 
tures. The compensation factors are shown below. 


Charge 

Temperature 

Trickle-Charge 

Compensation 

Fast-Charge 

Compensation 

< 40°C 

0.81 

0.94 

> 40°C 

0,75 

0.88 


Compensated Available Capacity 

NAC is adjusted for rate of discharge and temperature 
to derive the CACD and CACT values. 

Corrections for the rate of discharge are made by adjust- 
ing an internal discharge compensation factor. The dis- 
charge factor is based on the discharge rate. This com- 
pensation is applied to NAC to derive the value in the 
CACD register. 

The compensation factors during discharge are: 


Approximate 
Discharge Rate 

Rate Efficiency 

Factor 

<2C 

100% 

>2C 

95% 


Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of % 4 * NAC per day, y 47 * NAC per day, or 
disabled. This is the rate for a battery within the 
20°C-30°C temperature range (TMPGG = 6x). This rate 
varies across 8 ranges from <10°C to >70°C, doubling 


Table 3. Self-Discharge Compensation 


Temperature 

Step 

Typical Rate 

PROGs = z 

PROG5 = L 

< 10°C 

na %« 

nac / rr 

10-20°C 

NA %« 

NA %t 

20-30°C 

na %. 

nac /« 

30-40°C 

NAC/ 

/32 

NA %* 

40-50°C 

NAC /l6 

NA 7u.S 

50-60°C 

NA% 

NAC/ oo , 

/5.88' ■" 

60-70°C 

NA % 

NA %94 

> 70°C 

nac/ 2 

NAC /.47 


with each higher temperature step (10°C). See Table 3. 

Digital Magnitude Filter 

The bq2014H has a digital filter to eliminate charge and 
discharge counting below a set threshold. The threshold 
for both VSRD and VSRQ is 250pV. 


Temperature compensation during discharge also takes 
place. At lower temperatures, the compensation factor 
increases by 0.05 for each 10°C temperature range below 
10°C. This compensation is applied to CACD to derive 
the value in the CACT register. The temperature com- 
pensation factor follows the equation 

Temperature Efficiency Factor = 1.00 - (0.05 * N) 

where N = number of 10°C steps below 10°C. 

For example, 

T > 10°C: Nominal compensation, N = 0 

0°C < T < 10°C: N = 1 (temperature efficiency = 95%) 

-10°C < T < 0°C: N = 2 (temperature efficiency = 90%) 

-20°C < T < -10°C: N = 3 (temperature efficiency = 85%) 

-20°C < T < -30°C: N = 4 (temperature efficiency = 80%) 
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Table 6. bq2014H Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated. (See the 
DCR description.) The other cause of LMD error is bat- 
tery wear-out. As the battery ages, the measured capac- 
ity must be adjusted to account for changes in actual 
battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description). It is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been up- 
dated following 64 valid charges. 

Current-Sensing Error 

Table 6 shows the non-linearity and non-repeatability 
errors associated with the bq2014H current sensing. 

Table 7 illustrates the current-sensing error as a func- 
tion of Vos • A digital filter prevents charge and dis- 
charge counts to the NAC register when VsRO is be- 
tween VSRQ and VsRD- 


Table 7. Vos-Related Current Sense Error 
(Current = 1A) 


Vos 

Sense Resistor 

(mV) 

20 

50 

100 

mQ 

50 

0.25 

0.10 

0.05 

% 

100 

0.50 

0.20 

0.10 

% 

150 

0.75 

0.30 

0.15 

% 

180 

0.90 

0.36 

0.18 

% 


Done Input 

A charge-control IC or a microcontroller uses the DONE 
input to communicate charge status to the bq2014H. 
When the DONE input is asserted high on charge com- 
pletion, the bq2014H sets NAC = LMD and VDQ = 1. 
The DONE input should be maintained high as long as 
the charge controller or microcontroller keeps the bat- 
teries full; otherwise, the pin should be held low. 

Communicating with the bq2014H 

The bq2014H includes a simple single-pin (HDQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2014H registers. Battery 
characteristics may be easily monitored by adding a sin- 
gle contact to the battery pack. The open-drain HDQ 
pin on the bq2014H should be pulled up by the host sys- 
tem, or may be left floating if the serial interface is not 
used. 

The interface uses a command-based protocol, in which 
the host processor sends a command byte to the 
bq2014H. The command directs the bq2014H to either 
store the next eight bits of data received to a register 
specified by the command byte or output the eight bits 
of data specified by the command byte. (See Figure 4.) 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of 
eight bits that have a maximum transmission rate of 
5K bits/sec. The least-significant bit of a command or 
data byte is transmitted first. The protocol is simple 
enough that it can be implemented by most host proces- 
sors using either polled or interrupt processing. Data 
input from the bq2014H may be sampled using the 
pulse-width capture timers available on some microcon- 
trollers. 

If a communication error occurs (e.g., tCYCB > 250ps), 
the bq2014H should be sent a BREAK to reinitiate the 
serial interface. A BREAK is detected when the HDQ 
pin is driven to a logic-low state for a time, tB or greater. 
The HDQ pin should then be returned to its normal 
ready-high logic state for a time, tBR. The bq2014H is 
now ready to receive a command from the host proces- 
sor. 
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The return-to-one data bit frame consists of three dis- 
tinct sections: 

1. The first section is used to start the transmission 
by either the host or the bq2014H taking the HDQ 
pin to a logic-low state for a period, tsTRH;B. 

2. The next section is the actual data transmission, 
where the data should be valid by a period, tDSU;B, 
after the negative edge used to start communica- 
tion. The data should be held for a period, tDH;DV, 
to allow the host or bq2014H to sample the data bit. 

3. The final section is used to stop the transmission by 
returning the HDQ pin to a logic-high state by at 
least a period, tssu;B, after the negative edge used 
to start communication. The final logic-high state 
should be until a period tcYCH;B> to allow time to en- 
sure that the bit transmission was stopped prop- 
erly. The timings for data and break communication 
are given in the serial communication timing speci- 
fication and illustration sections. 

Communication with the bq2014H is always performed 
with the bit transmitted first. Figure 5 shows an example 
of a communication sequence to read the bq2014H NACH 
register. 

bq2014H Command Code and 
Registers 

The bq2014H status registers are listed in Table 8 and de- 
scribed below. All registers are Read/Write in the bq2014H. 

Caution: When writing to bq2014H registers ensure 
that proper data are written. A wiite-verify read is 
recommended. 

Command Code 

The bq2014H latches the command code when eight 
valid command bits have been received by the bq2014H. 
The command code contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command code is used to select whether 
the received command is for a read or a write function: 

The W/R values are 


Command Code Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

— 1 


- 

- 

- 

- 

- 


where W/R is 
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0 The bq2014H outputs the requested regis- 
ter contents specified by the address por- 
tion of command code. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of command code. 

The lower 7-bit field of the command code contains the 
address portion of the register to be accessed: 


Command Code Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The FLGS1 register (address = Olh) contains the pri- 
mary bq20 14H flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when VSRO > VSRQ. A VSRO of less than VsRQ or 
discharge activity clears CHGS. 

The CHGS values are 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


where CHGS is 


0 Either discharge activity detected or VsRO 
<VSRQ 

1 VSRO > VsRQ 

The battery replaced flag (BRP) is asserted whenever 
the bq2014H is reset either by application of Vcc or by 
a serial port command. BRP is reset when either a valid 
charge action increments NAC to be equal to LMD, or a 
valid charge action is detected after the EDV1 flag is as- 
serted. BRP = 1 signifies that the device has been reset. 

The BRP values are 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 


- 

- 

- 

- 


where BRP is 


0 Battery is charged until NAC = LMD or dis- 
charged until the EDV1 flag is asserted 

1 bq2014H is reset 
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Send Host to bq-HDQ 

! ! ! CDMR 

— U - lijunmmmmmin 

Send Host to bq-HDQ or 
! Receive from bq-HDQ | 

! Data — ►! | \4— tRR 

1 1 

i i 

! Break | 

i i 

Address 

LSB 

BitO ! 


R/W 

MSB | 

Bit7 | 



.[JtUTimJTX 

rrjzrLD - 

_QTl_Er 


i 

i 

1 

l 


! K-Irsps 


o* ^ i « ■ Address-Bit/ 

Start-bit ^ 

Data-Bit 

Stop-Bit 



i i 



i 

TD201807.eps 


Figure 4. bq2014H Communication Example 


Written by Host to bq2014H 
CMDR = 03h 

LSB MSB 

Break 1 1 0 0 0 0 0 0 

HDQ 



Received by Host to bq2014H 
NACH = 65 h 


LSB MSB 

10 10 0 110 



tRSPS — *1 


TD2014Hcom.eps 


Figure 5. Typical Communication with the bq2014H 
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Table 8. bq2014H Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 


7(MSB) 

6 

5 

4 

3 

2 

1 

OfLSB) 

FLGS1 

Primary status flags 
register 

Olh 

R 

CHGS 

BRP 

0 

Cl 

VDQ 

1 

EDV1 

EDVF 

TMP 

Temperature register 

02h 

R 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal available capac- 
ity high byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal available 
capacity low byte register 

17h 

R/W 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery identification 
register 

04h 

R/W 

BATID 7 

BATID6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured 
discharge register 

05h 

R/W 

LMD 7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary status flags 
register 

06h 

R 

RSVD 

DR2 

DR1 

DRO 

ENINT 

VQ 

RSVD 

OVLD 

PPD 

Program pin pull-down 
register 

07h 

R 

RSVD 

RSVD 

RSVD 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin pull-up 
register 

08h 

R 

RSVD 

RSVD 

RSVD 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 

inaccurate count register 

09h 

R/W 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

VSB 

Battery voltage 
register 

Obh 

R 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 

VTS 

End-of-discharge thresh- 
old select register 

Och 

R/W 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTSO 

CACT 

Temperature and dis- 
charge rate compensated 
available capacity 

Odh 

R/W 

CACT7 

CACT6 

CACT5 

CACT4 

CACT3 

CACT2 

CACTI 

CACTO 

CACD 

Discharge rate com- 
pensated available 
capacity 

Oeh 

R/W 

CACD7 

CACD6 

CACD5 

CACD4 

CACD3 

CACD2 

CACD1 

CACDO 

SAEH 

Scaled available energy 
high byte register 

Ofh 

R 

SAEH7 

SAEH6 

SAEH5 

SAEH4 

SAEH3 

SAEH2 

SAEH1 

SAEHO 

SAEL 

Scaled available energy 
low byte register 

10h 

R 

SAEL7 

SAEL6 

SAEL5 

SAEL4 

SAEL3 

SAEL2 

SAEL1 

SAELO 

RCAC 

Relative CAC 

llh 

R 

_ 

RCAC 6 

RCAC5 

RCAC4 

RCAC3 

RCAC2 

RCAC1 

RCACO 

VSRH 

Current scale high 

12h 

R 

VSRH7 

VSRH6 

VSRH5 

VSRH4 

VSRH3 

VSRH2 

VSRH1 

VSRHO 

VSRL 

Current scale low 

13h 

R 

VSRL7 

VSRL6 

VSRL5 

VSRL4 

VSRL3 

VSRL2 

VSRL1 

VSRLO 

DCR 

Discharge register 

18h 

R/W 

DCR7 

DCR6 

DCR5 

DCR4 

DCR3 

DCR2 

DCR1 

DCRO 

PPFC 

Program pin data 

leh 

R/W 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

INTSS 

VOS Interrupt 

38h 

R/W 

RSVD 

RSVD 

RSVD 

RSVD 

DCHGI 

RSVD 

RSVD 

CHGI 


Notes: RSVD = reserved. 


All other registers not documented are reserved. 
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The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2014H is reset. The flag is cleared 
after an LMD update. 

The Cl values are 


FLGS1 Bits I 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

Cl 

- 

- 

- 



where Cl is 


0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or the bq2014H is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2014H is discharged from NAC = 0.94 * LMD. The 
flag remains set until either LMD is updated or one of 
three actions that can clear VDQ occurs: 

■ When NAC has been reduced by more than 6.25% 
because of self-discharge since VDQ was set. 

■ A valid charge action is sustained at VsRO > VsRQ 
for at least 2 NAC updates. 

■ The EDV 1 flag was set at a temperature below 0°C 
The VDQ values are 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

VDQ 

- 

- 

- 


where VDQ is 

0 Self-discharge of more than 6.25% of NAC, 
valid charge action detected, EDV1 asserted 
with the temperature less than 0°C, or reset 

1 On first discharge after NAC > 0.94 * LMD 

The first end-of- discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV 1 flag is latched until a valid charge has 
been detected. The EDV1 threshold is externally con- 
trolled via the VTS register (see Voltage Threshold Reg- 
ister). 


The EDV1 values are 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 


- 


- 

- 

EDV1 

- 


where EDV 1 is 


0 Valid charge action detected, Vsb ^ VtS 

1 Vsb<Vts providing that the discharge rate 
is < 2C (OVLD not set) 

The final end-of-discharge warning flag (EDVF) flag , j | 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EDVF threshold is set 25mV below the EDV1 threshold. 

The EDVF values are 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

EDVF 


where EDVF is 


0 Valid charge action detected, Vsb > (VtS- 25mV) 

1 Vsb < (VtS -25mV) providing the discharge 
rate is < 2C 

Temperature Register (TMP) 

The TMP register (address=02h) contains the battery 
temperature. 

The bq2014H contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown in Table 9. 


TMP Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP3 

TMP2 

TMP1 

TMPO 

- 

- 

- 



The bq2014H calculates the gas gauge bits, GG3-GG0 as a 
function of CACT and LMD. The results of the calculation 
give available capacity in y 16 increments from 0 to %. 


TMP Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

GG3 

GG2 

GG1 

GGO 
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Table 9. Temperature Register 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < SCTC 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


Nominal Available Capacity Registers 
(NACH/NACL) 

The NACH high-byte register (address=03h) and the 
NACL low-byte register (address=17h) are the main gas 
gauging registers for the bq2014H. The NAC registers are 
incremented during charge actions and decremented dur- 
ing discharge and self-discharge actions. NACH and 
NACL are set to 0 during a bq2014H reset. 

Writing to the NAC registers affects the available charge 
counts and, therefore, affects the bq2014H gas gauge opera- 
tion. Do not write the NAC registers to a value greater than 
LMD. 

Battery Identification Register (BAUD) 

The BATID register (address=04h) is available for use 
by the system to determine the type of battery pack. 
The BATID contents are retained as long as Vrbi is 
greater than 2 V. The contents of BATID have no effect 
on the operation of the bq2014H. There is no default 
setting for this register. 

Last Measured Discharge Register (LMD) 

LMD is the register (address=05h) that the bq2014H 
uses as a measured full reference. The bq2014H adjusts 
LMD based on the measured discharge capacity of the 
battery from full to empty. In this way the bq2014H up- 
dates the capacity of the battery. LMD is set to PFC 
during a bq2014H reset. 

LMD is set to DCR upon the first valid charge after EDV 
is set if VDQ is set. 


If DCR < 0.94 LMD, then LMD is set to 0.94 * LMD. 

Secondary Status Flags Register (FLGS2) 

The FLGS2 register (address=06h) contains the secon- 
dary bq2014H flags. 

Bit 7 and bit 1 of FLGS2 are reserved. Do not write to 
these bits. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits 

7 6 

5 

4 3 2 

1 

0 

DR2 

DR1 

DRO 

- 



They are used to determine the current discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

Discharge Rate 

0 

0 

0 

DRATE < 0.5C 

0 

0 

1 

0.5C < DRATE < 2C 

0 

1 

0 

2C < DRATE 


The enable interrupt flag (ENINT) is a test bit used to 
determine Vsr activity sensed by the bq2014H. The 
state of this bit will vary and should be ignored by the 
system. 


FLGS2 Bits 

7 1 6 

5 1 4 1 3 

2 

1 

0 

- 

- 

- 

- ENINT 

- 

- 



The valid charge flag (VQ), bit 2 of FLGS2, is used to 
indicate whether the bq2014H recognizes a valid charge 
condition. This bit is reset on the first discharge after 
NAC = LMD. 

The VQ values are 


FLGS2 Bits 

7 

6 

5 1 4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

VQ 

- 



where VQ is 

0 Valid charge action not detected between a 
discharge from NAC = LMD and EDV1 

1 Valid charge action detected 

The overload flag (OVLD) is asserted when a discharge 
rate in excess of 2C is detected. OVLD remains asserted 
as long as the condition persists and is cleared 0.5 sec- 
onds after the rate drops below 2C. The overload condi- 
tion is used to stop sampling of the battery terminal char- 
acteristics for end-of-discharge determination. 
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FLGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 


- 

- 

- 

OVLD 


Program Pin Pull-Down Register (PPD) 

The PPD register (address=07h) contains some of the pro- 
gramming pin information for the bq2014H. The segment 
drivers, SEGi_ 5, have a corresponding PPD register loca- 
tion, PPDi_ 5. A given location is set if a pull-down resistor 
has been detected on its corresponding segment driver. 
For example, if SEGi and SEG4 have pull-down resistors, 
the contents of PPD are xxxOlOOl. 

Program Pin Pull-Up Register (PPU) 

The PPU register (address=08h) contains the rest of the 
programming pin information for the bq2014H. The seg- 
ment drivers, SEG1-5, have a corresponding PPU register 
location, PPU1-5. A given location is set if a pull-up resis- 
tor has been detected on its corresponding segment driver. 
For example, if SEG3 and SEG5 have pull-up resistors, the 
contents of PPU are xxxlOlOO. 


PPD/PPU Bits 

7 

6 

5 

4 

3 

2 

1 

0 

RSVD 

RSVD 

RSVD 

PPU 5 

PPU4 

PPU3 

PPU2 

PPUl 

RSVD 

RSVD 

RSVD 

ppd 5 

ppd 4 

PPD3 

ppd 2 

PPDi 


Capacity Inaccurate Count Register (CPI) 

The CPI register (address=09h) is used to indicate the 
number of times a battery has been charged without an 
LMD update. Because the capacity of a rechargeable 
battery varies with age and operating conditions, the 
bq2014H adapts to the changing capacity over time. A 
complete discharge from full (NAC > 0.94 * LMD) to 
empty (EDV1=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and 
there has been no more than a 6% self-discharge 
reduction. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 * LMD, however, 
the CPI register increments on the first valid charge; 
CPI does not increment again for a valid charge until 
NAC < 0.94 * LMD. This prevents continuous trickle 
charging from incrementing CPI if self-discharge decre- 
ments NAC. The CPI register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. The CPI register is reset 
whenever an update of the LMD register is performed, 
and the Cl flag is also cleared. 


Battery Voltage Register (VSB) 

The battery voltage register is used to read the single-cell 
battery voltage on the SB pin. The VSB register (address 
= OBh) is updated approximately once per second with the 
present value of the battery voltage. 

VSB = 1.2V * (VSB/256). 


VSB Register Bits 

7 

6 5 

4 3 

2 1 

0 

VSB7 

VSB6 1 VSB5 

VSB4 VSB3 

VSB2 VSB1 

VSB0 


Voltage Threshold Register (VTS) 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address = 
OCh). The VTS register sets the EDV1 trip point. EDVF 
is set 25mV below EDV1. The default value in the VTS 
register is A2h, representing EDV1 = 0.76V and EDVF = 
0.735V. EDV1 = 1.2V * (VTS/256). 


VTS Register Bits 

7 

6 

5 

4 

3 

2 

1 

0 

VTS 7 

VTS6 

VTS 5 

VTS4 

VTS3 

VTS2 

VTS1 

VTS0 


Compensated Available Charge Registers 
(CACT/CACD) 

The CACD register (address = OEh) contains the NAC 
value compensated for discharge rate. This is a mono- 
tonicly decreasing value during discharge. If the dis- 
charge rate is > 2C then this value is lower than NAC. 
CACD is updated only when the discharge rate compen- 
sated NAC value is a lower value than CACD during 
discharge. During charge, CACD is continuously up- 
dated with the NAC value. 

The CACT register (address = ODh) contains the CACD 
value compensated for temperature. CACT will contain 
a value lower than CACD when the battery temperature 
is below 10°C. The CACT value is also used in calculat- 
ing the LED display pattern. 

Scaled Available Energy Registers 
(SAEH/SAEL) 

The SAEH high-byte register (address = OFh) and the 
SAEL low-byte register (address = lOh) are used to scale 
battery voltage and CACT to a value that can be trans- 
lated to watt-hours remaining under the present condi- 
tions. 

Relative CAC Register (RCAC) 

The RCAC register (address = llh) provides the relative 
battery state-of-charge by dividing CACT by LMD. 
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RCAC varies from 0 to 64h representing relative state- 
of-charge from 0 to 100%. 

Current Scale Register (VSRH/VSRL) 

The VSRH register (address = 12h) and the VSRL regis- 
ter (address = 13h) report the average signal across the 
SR and Vss pins. The bq2050H updates this register 
pair every 22.5s. VSRH (high-byte) and VSRL (low-byte) 
form a 16-bit signed integer value representing the aver- 
age current during this time. The battery pack current 
can be calculated from: 

| I(mA) | = (VSRH * 256 + VSRL)/(8 *Rs) 

where: 

Rs = sense resistor value in Q. 

VSRH = high-byte value of battery current 
VsRL = low-byte value of battery current 

The bq2014H indicates an average discharge current 
with a “1” in the MSB position of the VSRH register. To 
calculate discharge current, use the 2’s complement if 
the concatenated register contents in the above equa- 
tion. 

Discharge Count Register (DCR) 

The DCR register (address = 18h) stores the high-byte of 
the discharge count. DCR is reset to zero at the start of 
a valid discharge cycle and can count to a maximum of 
FFh. DCR will not increment if EDV1 = 1 and will not 
roll over from FFh. 

Program Pin Full Count (PPFC) 

The PPFC register contains information concerning the 
program pin configuration. This information is used to 
determine the data integrity of the bq2014H. The only 
approved user application for this register is to 
write a zero to this register as part of a reset re- 
quest. 

The recommended reset method for the bq2014H is 

■ Write PPFC to zero 

■ Write LMD to zero 

After these operations, a software reset will occur. 
Resetting the bq2014H sets the following: 

■ LMD = PFC 

■ CPI, VDQ, RCAC, NACH/L, CACH/L, SAEH/L, 
NMCV = 0 

■ Cl and BRP = 1 


Voltage Offset (Vos) Interrupt (INTSS) 

The INTSS register (address = 38h) is useful during in- 
tial characterization of bq2014H designs. When the 
bq2014H counts a charge pulse, CHGI (bit 0) will be set 
to 1. When the bq2014H counts a discharge pulse, 
DCHGI (bit 3) will be set to 1. All other locations in the 
INTSS register are reserved. 

Display 

The bq2014H can directly display capacity information 
using low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to Vcc or Vss for a pro- 
gram high or program low, respectively. 

The bq2014H displays the battery charge state in relative 
mode. In relative mode, the battery charge is represented 
as a percentage of the LMD. Each LED segment repre- 
sents 20% of the LMD. 

The capacity display is also adjusted for the present bat- 
tery temperature and discharge rate. The temperature 
adjustment reflects the available capacity at a given 
temperature but does not affect the NAC register. The 
temperature adjustments are detailed in the CACT and 
CACD register descriptions. 

When DISP is tie d to Vcc, the SEGi -5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the bq2014H detects a charge in progress 
VsRO > VsRQ. When pulled low, the segment outputs be- 
come active for a period of four seconds, ± 0.5 seconds. 

The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
100Hz with each segment bank active for 30% of the pe- 
riod. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below VEDV1 (EDV1 = 1), indicating a low- 
battery condition. Vsb below VEDVF (EDVF = 1) disables 
the display output. 

Microregulator 

A micropower source for the bq2014H can be inexpen- 
sively built using a FET and an external resistor. (See 
Figure 1.) 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

Vcc+0.7 

V 

lOOkO series resistor should be used to 
protect SR in case of a shorted battery. 

Topr 

Operating temperature 

0 

+70 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limits for extended periods of time may affect device reli- 
ability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6.sv> 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

VEDVl 

First empty warning 

0.73 

0.76 

0.79 

V 

SB, default 

Vedvf 

Final empty warning 

VeDVI - 0.035 

VeDVI - 0.025 

VeDVI - 0.015 

V 

SB, default 

VSRO 

SR sense range 

-300 

- 

+500 

mV 

SR,V S R + Vos 

VSRQ 

Valid charge 

250 

- 

- 

pV 

Vsr + Vos (see note) 

VSRD 

Valid discharge 

- 

- 

-250 

HV 

VSR + Vos (see note) 


Note: Vos is affected by PC board layout. Proper layout guidelines should be followed for optimal performance. 

See “LayoutConsiderations.” 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

HV 

DISP = VCC 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

i— i 

g 

ii 

-f? 

> 

Reference at -40°C to +85°C 

4.5 


7.5 

V 

IREF = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

. 

MO 

Vref = 3V 

Icc 

Normal operation 

. 

90 

135 

pA 

V CC = 3.0V, HDQ = 0 

_ 

120 

180 

HA 

Vcn = 4.25V, HDQ = 0 

_ 

170 

250 

ba 

Vcc = 6.5V, HDQ = 0 

VsB 

Battery input 

0 

_ 

Vcc 

V 


RSBmax 

SB input impedance 

10 

_ 

- 

MQ 

0 < VsB < Vcc 

Idisp 

DISP input leakage 

_ 

_ 

5 

^A 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

_ 

0.2 

pA 

DISP = Vcc 

Irbi 

RBI data retention current 

_ 

_ 

100 

nA 

Vrbi > Vcc < 3V 

Rhdo 

Internal pulldown 

500 

_ 

_ 

K Q 


Rsr 

SR input impedance 

10 

_ 

_ 

M£2 

-200mV < Vsr < Vcc 

VlHPFC 

Logic input high 

VCC - 0.2 

_ 

_ 

V 

PROG 1-5 

VlLPFC 

Logic input low 

_ 

- 

Vss + 0.2 

V 

PROGi-5 

ViZPFC 

Logic input Z 

float 

_ 

float 

V 

PROG 1-5 

VOLSL 

SEG output low, low Vcc 

- 

0.1 

- 

V 

VcC = 3V,I 0 LS< 1.75mA 
SEG 1 -SEG 5 

VOLSH 

SEG output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, IOLS ^ 11 . 0 mA 
SEG 1 -SEG 5 

VOHML 

LOOM output high, low Vcc 

Vcc - 0.3 

_ 

- 

V 

Vcc = 3V, lOHLCOM = -5.25mA 

VOHMH 

LOOM output high, high Vcc 

Vcc - 0.6 

_ 

_ 

V 

Vcc > 3.5V, lOHLCOM = -33.0mA 

IOLS 

SEG sink current 

11.0 

_ 

_ 

mA 

At VOLSH = 0.4V, Vcc = 6.5V 

IOL 

Open-drain sink current 

5.0 

. 

. 

mA 

At V 0 L = Vss + 0.3V, HDQ 

VOL 

Open-drain output low 

. 

. 

0.3 

V 

IOL < 5mA, HDQ 

VlHDO 

HDQ input high 

2.5 


_ 

V 

HDQ 

VilDO 

HDQ input low 

_ 

_ 

0.8 

V 

HDQ 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

kq 

PROG 1-5 

Rfloat 

Float state external impedance 

- 

5 

- 

MQ 

PROG 1-5 


Note: All voltages relative to Vss. 
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High-Speed Serial Communication Timing Specification (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2014H (write) 

190 


- 

M'S 

See note 

tCYCB 

Cycle time, bq2014H to host (read) 

190 

205 

250 

ps 


tSTRH 

Start hold, host to bq2014H (write) 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2014H to host (read) 

32 

- 

- 

ps 


tDSU 

Data setup 

- 

- 

50 

ps 


tDSUB 

Data setup 

- 

- 

50 

ps 


tDH 

Data hold 

90 

- 

- 

ps 


tDV 

Data valid 

- 

- 

80 

ps 


tssu 

Stop setup 

- 

- 

145 

ps 


tSSUB 

Stop setup 

- 

- 

145 

ps 


tRSPS 

Response time, bq2014H to host 

190 

- 

320 

ps 


tB 

Break 

190 

- 

- 

ps 


tBR 

Break recovery 

40 

- 

- 

ps 



Note: The open-drain HDQ pin should be pulled to at least Vcc by the host system for proper HDQ operation. 

HDQ may be left floating if the serial interface is not used. 
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Break Timing 



Host to bq201 4H 
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Ordering Information 


bq2014H 




Temperature Range: 

blank = Commercial (0 to +70°C) 


Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2014H Gas Gauge IC 
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—a UNITRODE 


Power Minder™ 1C 


Features 

>■ Multifunction charge/discharge 
counter 

> Resolves signals less than 12.5|4V 

> Internal offset calibration im- 
proves accuracy 

> 1024 bits of NVRAM configured as 
128x8 

>■ Internal temperature sensor for 
self-discharge estimation 

> Single-wire serial interface 

V Dual operating modes: 

- Operating: <80pA 

- Sleep: <10pA 

> REG output for low-cost mi- 
croregulation 

V Internal timebase eliminates ex- 
ternal components 

> 8-pin TSSOP or SOIC allows bat- 
tery pack integration 

Pin Connections 


General Description 

The bq2018 is a low-cost charge/dis- 
charge counter peripheral packaged in 
an 8-pin TSSOP or SOIC. It works 
with an intelligent host controller, pro- 
viding state-of-charge information for 
rechargeable batteries. 

The bq2018 measures the voltage 
drop across a low-value series sense 
resistor between the negative termi- 
nal of the battery and the battery 
pack ground contact. By using the ac- 
cumulated counts in the charge, 
discharge, and self-discharge regis- 
ters, an intelligent host controller can 
determine battery state-of-charge in- 
formation. To improve accuracy, an 
offset count register is available. The 
system host controller is responsible 
for the register maintenance by reset- 
ting the charge in/out and self- 
discharge registers as needed. 


Pin Names 


The bq2018 also features 128 bytes 
of NVRAM registers. The upper 13 
bytes of NVRAM contain the capac- 
ity monitoring and status informa- 
tion. The RBI input operates from 
an external power storage source 
such as a capacitor or a series cell in 
the battery pack, providing register 
nonvolatility for periods when the 
battery is shorted to ground or when 
the battery charge state is not suffi- 
cient to operate the bq2018. During 
this mode, the register backup cur- 
rent is less than lOOnA. 

Packaged in an 8-pin TSSOP or 
SOIC, the bq2018 is small enough 
to fit in the crevice between two A- 
size cells or within the width of a 
prismatic cell. 



<C7 


REG Q" 

1 8 

22 \ WAKE 

vcc C 

2 7 

22 SR1 

Vss 22 

3 6 

22 sr2 

HDQ \22 

4 5 

22 rb| 


8-Pin TSSOP or Narrow SOIC 


PN-201801.eps 
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REG 

Regulator output 

WAKE 

Wake-up output 

V cc 

Supply voltage input 

SRI 

Current sense input 1 

V ss 

Ground 

SR2 

Current sense input 2 

HDQ 

Data input/output 

RBI 

Register backup input 
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Pin Descriptions 

REG Regulator output 

REG is the output of the operational trans- 
conductance amplifier (OTA) that drives an 
external pass n-channel JFET to provide an 
optional regulated supply. The supply is 
regulated at 3.7V nominal. 

Vcc Supply voltage input 

When regulated by the REG output, V cc is 
3.7V ±200mV. When the REG output is not 
used, the valid operating range is 2.8V to 
5.5V. 

V ss Ground 

SRI- Current sense inputs 

SR2 

The bq2018 interprets charge and discharge 
activity by monitoring and integrating the 
voltage drop (V SR ) across pins SRI and SR2. 
The SRI input connects to the sense resistor 
and the negative terminal of the battery. 
The SR2 input connects to the sense resistor 
and the negative terminal of the pack. V SR1 
< Vs R 2 indicates discharge, and V SR1 > V SR2 
indicates charge. The effective voltage drop, 
V SR o> as seen by the bq2018, is V SR + V 0S - 
Valid input range is ± 200mV. 

HDQ Data input/output 

This bi-directional input/output communi- 
cates the register information to the host 
system. HDQ is open drain and requires a 
pullup/down resistor in the battery pack to 
disable/enable sleep mode if the pack is re- 
moved from the system. 

RBI Register backup input 

This input maintains the internal register 
states during periods when V cc is below the 
minimum operating voltage. 

WAKE Wake-up output 

When asserted, this output is used to indi- 
cate that the charge or discharge activity is 
above a programmed minimal level. 


Functional Description 

General Operation 

A host can use the bq2018 internal counters and timers 
to measure battery state-of-charge, estimate self- 
discharge, and calculate the average charge and dis- 
charge current into and out of a rechargeable battery. 
The bq2018 needs an external host system to perform all 
register maintenance. Using information from the 
bq2018, the system host can determine the battery 
state-of-charge, estimate self-discharge, and calculate 
the average charge and discharge currents. During pack 
storage periods, the use of an internal temperature sen- 
sor doubles the self-discharge count rate every 10° above 
25°C. 

To reduce cost, power to the bq2018 may be derived using 
a low-cost external FET in conjunction with the REG pin. 
The bq2018 operating current is less than 80pA. When 
the HDQ line remains low for greater than ten seconds 
and Vg R0 (V SR + V 0 s where V SR is the voltage drop be- 
tween SRI and SR2 and V 0 s is t he offse t voltage) is below 
the programmed minimal level (WAKE is in High Z), the 
bq2018 enters a sleep mode of <10pA where all opera- 
tions are suspended. HDQ transitioning high reinitiates 
the bq2018. 

A register is available to store the calculated offset, allow- 
ing current calibration. The offset cancellation register is 
written by the bq2018 during pack assembly and is avail- 
able to the host system to adjust the current measure- 
ments. By adding or subtracting the offset value stored 
in the OFR, the true charge and discharge counts can be 
calculated to a high degree of certainty. 

Figure 1 shows a block diagram of the bq2018, and Table 
1 outlines the bq2018 operational states. 

REG Output 

The bq2018 can operate directly from three or four 
nickel-chemistry cells or a single Li-Ion cell as long as 
Vcc is limited to 2.8 to 5.5V. To facilitate the power sup- 
ply requirements of the bq2018, a REG output is present 
to regulate an external low-threshold n-JFET. A micro- 
power V C c source for the bq2018 can inexpensively be 
built using this FET. 
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Differential 
Dynamically 
Balanced VFC 


Bandgap 
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System 

I/O 
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Control 


RAM 

and 

Counters 

128x8 



Counter 

Control 


Optional I 
(External) I 


L _r^r 


Vqq (Internal) 


Figure 1. bq2018 Block Diagram 


Table 1 . Operational States 


HDQ Pin 

DCR/CCR/SCR 

WOE 

WAKE 

Operating State 

HDQ High 

yes 

l V SRol >V WOE 

Low 

Normal 

HDQ High 

yes 

|VsroI <VwOE 

High Z 

Normal 

HDQ Low 

no 

I^sroI < ^W0E 

High Z 

Sleep 


> is the voltage difference between SRI and SR2 plus the offset voltage V 0 
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Figure 2. Typical Application 


RBI Input 

The RBI input pin is used with a storage capacitor or ex- 
ternal supply to provide back-up potential to the internal 
RAM when V cc drops below 2.4V. The maximum dis- 
charge current is lOOnA in this mode. The bq2018 out- 
puts V c c on RBI when the supply is above 2.4V, so a di- 
ode is required to isolate an external supply. 

Charge/Discharge Count Operation 

Table 2 shows the main counters and registers of the 
bq2018. The bq2018 accumulates charge and discharge 
counts into two main count registers, the Discharge 
Count Register (DCR) and the Charge Count Register 
(CCR). The bq2018 produces charge and discharge 


counts by sensing the voltage difference across a low- 
value resistor between the negative terminal of the bat- 
tery pack and the negative terminal of the battery. The 
DCR or CCR counts depending on the signal between 
SRI and SR2. 

During discharge, the DCR and the Discharge Time 
Counter (DTC) are active. If V SR1 is less than V SR2 , indi- 
cating a discharge, the DCR counts at a rate equivalent to 
12. 5p V every hour, and the DTC counts at a rate of 1 
count/0.8789 seconds (4096 counts per 1 hour). For exam- 
ple, a -lOOmV signal produces 8000 DCR counts and 4096 
DTC counts each hour. The amount of charge removed 
from the battery can easily be calculated. 


Table 2. bq201 8 Counters 


Name 

Description 

Range 

RAM Size 

DCR 

Discharge count register 

V SR i < V SR2 (Max. =-200mV) 12.5pVh increments 

16-bit 

CCR 

Charge count register 

Vsri > V SR2 (Max. = +200mV) 12.5pVh increments 

16-bit 

SCR 

Self-discharge count register 

1 count/hour @ 25°C 

16-bit 

DTC 

Discharge time counter 

1 count/0. 8789s default 

1 count/225s if STD is set 

16-bit 

CTC 

Charge time counter 

1 count/0. 8789s default 

1 count/225s if STC is set 

16-bit 

MODE/ 

WOE 

MODE/ 

Wake output enable 

— 

8-bit 
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During charge, the CCR and the Charge Time Counter 
(CTC) are active. If V SR1 is greater than V SR2 , indicating 
a charge, the CCR counts at a rate equivalent to 12.5pV 
every hour, and the CTC counts at a rate of 1 
count/0.8789 seconds. For example, a +100mV signal pro- 
duces 8000 CCR counts and 4096 CTC counts each hour. 
The amount of charge added to the battery can easily be 
calculated. 

The DTC and the CTC are 16-bit registers, and roll over 
beyond ffffh. If a rollover occurs, the corresponding bit in 
the MODE/WOE register is set, and the counter will sub- 
sequently increment at 1/256 of the normal rate (16 
counts/hr.). 

Whenever the signal between SRI and SR2 is above the 
Wakeup Output Enable (WOE) threshold and the HDQ 
pin is high, the bq2018 is in its full operating state. In 
this state, the DCR, CCR, D TC, CTC, and SCR are fully 
operational, and the WAKE output is low. During this 
mode, the internal RAM registers of the bq2018 may be 
accessed over the HDQ pin, as described in the section 
“Communicating With the 2018.” 

If the signal between S RI and SR2 is below the WOE 
threshold (refer to the WAKE section for details) and 
HDQ remains low for greater than 10 seconds, the 
bq2018 enters a sleep mode where all register counting is 
suspended. The bq2018 remains in this mode until HDQ 
returns high. 

For self-discharge calculation, the self-discharge count 
register (SCR) counts at a rate equivalent to 1 count 
every hour at a nominal 25°C and doubles approximately 
every 10°C up to 60°C. The SCR count rate is halved 
every 10 °C below 25°C down to 0°C. The value in SCR is 
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useful in determining an estimation of the battery self- 
discharge based on capacity and storage temperature 
conditions. 

The bq2018 may be programmed to measure the voltage 
offset between SRI and SR2 during pack assembly or at 
any time by invoking the Calibration mode. The Offset 
Register (OFR) is used to store the bq2018 offset. The 8- 
bit 2’s complement value stored in the OFR is scaled to 
the same units as the DCR and CCR, representing the 
amount of positive or negative offset in the bq2018. The 
maximum offset for the bq2018 is specified as ± 500qV. 
Care should be taken to ensure proper PCB layout. Us- 
ing OFR, the system host can cancel most of the effects of 
bq2018 offset for greater resolution and accuracy. 

Figure 3 shows the bq2018 register address map. The 
bq2018 uses the upper 13 locations. The remaining 
memory can store user-specific information such as 
chemistry, serial number, and manufacturing date. 


WAKE Output 

This output is used to inform the system that the voltage 
difference between SRI and SR2 is above or below the 
Wake Output Enable (WOE) threshold programmed in 
the MODE/WOE register. When the volt age dif ference 
between SRI and SR2 is below V W0E , the WAKE output 
goes into High Z and remains in this state until the dis- 
charge or charge current increases above the specified 
value. The MODE/WOE resets to Oeh after a power-on 
reset. V WO e i s se t by dividing 3.84mV by a value be- 
tween 1 and 7 (l-7h) according to Table 3. 
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Table 3. WOE Thresholds 


WOE^ (hex) 

Vwoe(mV) 

Oh 

n/a 

lh 

3.840 

2h 

1.920 

3h 

1.280 

4h 

0.960 

5h 

0.768 

6h 

0.640 

7h* 

0.549 


* Default value after POR. 

Temperature 

The bq2018 has an internal temperature sensor which is 
used to set the value in the temperature register 
(TMP/CLR) and set the self-discharge count rate value. 
The register reports the temperature in 8 steps of 10°C 
from <0°C to >60°C as Table 4 specifies. The bq2018 tem- 
perature sensor has typical accuracy of ±2°C at 25°C. 
See the TMP/CLR register description for more details. 

Clear Register 

The host system is responsible for register maintenance. 
To facilitate this maintenance, the bq2018 has a Clear 
Register (TMP/CLR) designed to reset the specific coun- 
ter or register pair to zero. The host system clears a reg- 
ister by writing the corresponding register bit to 1. When 
the bq2018 completes the reset, the corresponding bit in 
the TMP/CLR register is automatically reset to 0, which 
saves the host an extra write/read cycle. Clearing the 
DTC register clears the STD bit and sets the DTC count 
rate to the default value of 1 count per 0.8789s. Clearing 


Table 4. Temperature Steps 


Temp 

Value (hex) 

SDR Count Rate 

<0° 

0h 

x 1/8 

0-10° 

lh 

x 1/4 

10-20° 

2h 

x 1/2 

20-30° 

3h 

1 count/hr. 

30-40° 

4h 

x 2 

40-50° 

5h 

x 4 

50-60° 

6h 

x 8 

>60° 

7h 

x 16 



the CTC register clears the STC bit and sets the CTC 
count rate to the default value of 1 count per 0.8789s. 

Calibration Mode 

The system can enable bq2018 V 0S calibration by setting 
the calibration bit in the MODE/WOE register (Bit 6) to 
1. The bq2018 then enters calibration mode when the 
HDQ line is low for greater than 10 seconds and when 
the signal between SRI and SR2 is below V WO e- Cau- 
tion: Take care to ensure that no low-level exter- 
nal signal is present between SRI and SR2 because 
this affects the calibration value that the bq2018 
calculates. 

If HDQ remains low for one hour and | V SR | < V WO e for 
the entire time, the measured V 0 s is latched into the 
OFR register, and the calibration bit is reset to zero, indi- 
cating to the system that the calibration cycle is com- 
plete. Once calibration is complete, the bq2018 enters a 


Written by Host to bq2018 

CMDR = 73h 


Break 


| LSB 


1 

MSB | 


Received by Host from bq2018 

Data (OFR) = 65h >\ 

kMSB^| 


|*-LSB_*| 


uirLTLiinjiru LrLfirLfuinrLr 


1 M 


1 1 

MSB LSB 

73h = 0 1 1 1 0 0 1 1 


i i 


1 1 


MSB LSB 

65h = 01 100101 


Figure 4. Typical Communication with the bq2018 
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Table 5. bq2018 Command and Status Registers 


Symbol 

Register 

Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 

7/MSB1 

6 

5 

4 

3 

2 

1 

OfLSBl 

CMDR 

Command 

register 

- 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

DCRH 

Discharge count 
register high 
byte 

7f 

Read 

DCRH7 

DCRH6 

DCRH5 

DCRH4 

DCRH3 

DCRH2 

DCRH1 

DCRHO 

DCRL 

Discharge 
count register 
low byte 

7e 

Read 

DCRL7 

DCRL6 

DCRL5 

DCRL4 

DCRL3 

DCRL2 

DCRL1 

DCRLO 

CCRH 

Charge count 
register 
high byte 

7d 

Read 

CCRH7 

CCRH6 

CCRH5 

CCRH4 

CCRH3 

CCRH2 

CCRH1 

CCRHO 

CCRL 

Charge count 
register 
low byte 

7c 

Read 

CCRL7 

CCRL6 

CCRL5 

CCRL4 

CCRL3 

CCRL2 

CCRL1 

CCRLO 

SCRH 

Self-discharge 
count register 
high byte 

7b 

Read 

SCRH7 

SCRH6 

SCRH5 

SCRH4 

SCRH3 

SCRH2 

SCRH1 

SCRHO 

SCRL 

Self-discharge 
count register 
low byte 

7a 

Read 

SCRL7 

SCRL6 

SCRL5 

SCRL4 

SCRL3 

SCRL2 

SCRL1 

SCRLO 

DTCH 

Discharge 
time count 
high byte 

79 

Read 

DTCH7 

DTCH6 

DTCH5 

DTCH4 

DTCH3 

DTCH2 

DTCH1 

DTCHO 

DTCL 

Discharge 
time count 
low byte 

78 

Read 

DTCL7 

DTCL6 

DTCL5 

DTCL4 

DTCL3 

DTCL2 

DTCL1 

DTCLO 

CTCH 

Charge 
time count 
high byte 

77 

Read 

CTCH7 

CTCH6 

CTCH5 

CTCH4 

CTCH3 

CTCH2 

CTCH1 

CTCHO 

CTCL 

Charge 
time count 
low byte 

76 

Read 

CTCL7 

CTCL6 

CTCL5 

CTCL4 

CTCL3 

CTCL2 

CTCL1 

CTCLO 

MODE / 
WOE 

MODE/ wake- 
up output 
enable 

75 

Read/ 

write 

OVRDQ 

CAL 

STC 

STD 

WOE3 

WOE2 

WOE1 

0 

TMP/CLR 

Tempera- 

ture/Clear 

register 

74 

Read/ 

write 

TMP2 

TMP1 

TMPO 

CTC 

DTC 

SCR 

CCR 

DCR 

OFR 

Offset 

register 

73 

Read/ 

write 

OFR7 

OFR6 

OFR5 

OFR4 

OFR3 

OFR2 

OFR1 

OFRO 

RAM 

User 

memory 

72-00 

Read/ 

write 

- 

- 

- 

- 

- 

- 

- 

- 


Notes: 1. MODE/WOE register bit 0 is set to zero at startup and should not be 

written to 1 for proper bq2018 operation. 

2. OFR value is in two’s complement. 
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low-power mode until HDQ goes high, indicating an ex- 
ternal system is ready to access the bq2018. If HDQ 
transitions high prior to completion of the V QS calculation 
or if | V SR | > V W oe> then the calibration cycle is reset. 
The bq2018 then postpones the calibration cycle until the 
conditions are met. The calibration bit does not reset to 
zero until a valid calibration cycle is completed. The re- 
quirement for HDQ to remain low for the calibration cy- 
cle can be disabled by setting the OVRDQ bit to 1. In this 
case, calibration continues as long as | V SR | < V WO e- The 
OVRDQ bit is reset to zero at the end of a valid calibra- 
tion cycle. 

Communicating with the bq2018 

The bq2018 includes a simple single-pin (referenced to 
V ss ) serial data interface. A host processor uses the in- 
terface to access various bq2018 registers. Battery activ- 
ity may be easily monitored by adding a single contact to 
the battery pack. Note: The HDQ pin requires an ex- 
ternal pull-up or pull-down resistor. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2018. The 
command directs the bq2018 either to store the next 
eight bits of data received to a register specified by the 
command byte or to output the eight bits of data from a 
register specified by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of 
eight bits that have a maximum transmission rate of 5K 
bits/sec. The least-significant bit of a command or data 
byte is transmitted first. The protocol is simple enough 
that it can be implemented by most host processors using 
either polled or interrupt processing. Data input from the 
bq2018 may be sampled using the pulse-width capture 
timers available on some microcontrollers. A UART may 
also be used to communicate through the HDQ pin. 

If a communication time-out occurs, e.g., the host waits 
longer than t CY cB f°r the bq2018 to respond or if this is 
the first access command, then a BREAK should be sent 
by the host. The host may then resend the command. The 
bq2018 detects a BREAK when the HDQ pin is driven to 
a logic-low state for a time, t B or greater. The HDQ pin 
then returns to its normal ready-high logic state for a 
time, t BR . The bq2018 is then ready to receive a com- 
mand from the host processor. 

The return-to-one data bit frame consists of three distinct 
sections. The first section is used to start the transmis- 
sion by either the host or the bq2018 taking the HDQ pin 
to a logic-low state for a period, t STRH B . The next section 
is the actual data transmission, where the data should be 
valid by a period, t DSUB , after the negative edge used to 
start communication, the data should be held for a peri- 
od, t DV /t DH , to allow the host or bq2018 to sample the 
data bit. 


The final section is used to stop the transmission by re- 
turning the HDQ pin to a logic-high state by at least a 
period, t SSUB , after the negative edge used to start com- 
munication. The final logic-high state should be held un- 
til a period, t CYCHB , 1° allow time to ensure that the bit 
transmission ceased properly. The serial communication 
timing specification and illustration sections give the 
timings for data and break communication. 

Communication with the bq2018 always occurs with the 
least-significant bit being transmitted first. Figure 4 shows 
an example of a communication sequence to read the 
bq2018 OFR register. 

bq2018 Registers 

The bq2018 command and status registers are listed in 
Table 5 and described below. 

Command (CMDR) 

The write-only command register is accessed when the 
bq2018 has received eight contiguous valid command 
bits. The command register contains two fields: 

■ W/R 

■ Command address 

The W/R bit of the command register is used to select 
whether the received command is for a read or a write 
function. The W/R values are 


CMDR Bits 

7 

Ll. 

5 

4 

3 

2 

1 

0 

W/R 


- 

- 

- 

- 

- 

- 


Where W/R is 


0 The bq2018 outputs the requested register 
contents specified by the address portion of 
the CMDR 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of the CMDR 


The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. 


CMDR Bits 

7 


5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 


Discharge Count Registers (DCRH/DCRL) 

The DCRH high-byte register (address = 7fh) and the 
DCRL low-byte register (address = 7eh) contain the count 
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of the discharge, and are incremented whenever V S R1< 
V SR2 . These registers continue to count beyond ffffh, so 
proper register maintenance should be done by the host 
system. The TMP/CLR register is used to force the reset 
of both the DCRH and DCRL to zero. 

Charge Count Registers (CCRH/CCRL) 

The CCRH high-byte register (address = 7dh) and the 
CCRL low-byte register (address = 7ch) contain the count 
of the charge, and are incremented whenever V SR1 > 
VgR 2 . These registers continue to count beyond ffffh, so 
proper register maintenance should be done by the host 
system. The TMP/CLR register is used to force the reset 
of both the CCRH and CCRL to zero. 

Self-discharge Count Registers 
(SCRH/SCRL) 

The SCRH high-byte register (address = 7bh) and the 
SCRL low-byte register (address = 7ah) contain the self- 
discharge count. This register is continually updated 
whenever the bq2018 is in its normal operating mode. 
The counts in these registers are incremented based on 
time and temperature. The SCR counts at a rate of 1 
count per hour at 20-30°C and doubles every 10°C to 
greater than 60°C (16 counts/hour). The count will half 
every 10°C below 20-30°C to less than 0°C (1 count/8 
hours). These registers continue to count beyond ffffh, so 
proper register maintenance should be done by the host 
system. The TMP/CLR register is used to force the reset 
of both the SCRH and SCRL to zero. 

Discharge Time Count Registers 
(DTCH/DTCL) 

The DTCH high-byte register (address = 79h) and the 
DTCL low-byte register (address = 78h) are used to deter- 
mine the length of time the V SR1 < V SR2 indicating a dis- 
charge. The counts in these registers are incremented at 
a rate of 4096 counts per hour. If the DTCH/DTCL regis- 
ter continues to count beyond ffffh, the STD bit is set in 
the MODE/WOE register indicating a rollover. Once set, 
DTCH and DTCL increment at a rate of 16 counts per 
hour. Note: If a second rollover occurs, STD is 
cleared. Access to the bq2018 should be timed to 
clear DTCH/DTCL more often than every 170 days. 
The TMP/CLR register is used to force the reset of both 
the DTCH and DTCL to zero. 

Charge Time Count Registers (CTCH/CTCL) 

The CTCH high-byte register (address = 77h) and the 
CTCL low-byte register (address = 76h) are used to deter- 
mine the length of time the Vg R1 > V SR2 indicating a 
charge. The counts in these registers are incremented at 
a rate of 4096 counts per hour. If the CTCH/CTCL regis- 
ters continue to count beyond ffffh, the STC bit is set in 
the MODE/WOE register indicating a rollover. Once set, 
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DTCH and DTCL increment at a rate of 16 counts per 
hour. Note: If a second rollover occurs, STC is 
cleared. Access to the bq2018 should be timed to 
clear CTCH/CTCL more often than every 170 days. 

The TMP/CLR register is used to force the reset of both 
the CTCH and CTCL to zero. 

Mode/Wake-up Enable Register 

The Mode/WOE register (address = 75h) contains the 
calibration, wakeup enable information, and the STC and 
STD bits as described below. 

The Override DQ(OVRDQ) bit (bit 7) is used to override 
the requirement for HDQ to be low prior to initiating V os 
calibration. This bit is normally set to zero. If OVRDQ is 
written to one, the bq2018 begins offset calibration when 
I V SR I <Vwoe where HDQ = Don’t care. 

The OVRDQ location is 


MODE/WOE Bits 

7 

6 

5 

4 

3 

2 

1 

0 

OVRDQ 

- 

- 

- 

- 

- 

- 

- 


Where OVRDQ is 

0 HDQ = 0 and | V SR | <V WO e for V os calibra- 
tion to begin 

1 HDQ = Don’t care and | V SR | <V W0E for V os 
calibration to begin 

Note: The OVRDQ bit should only be used in con- 
junction with a calibration cycle. Normal opera- 
tion of the bq2018 cannot be guaranteed when 
this bit is set. After a valid calibration cycle, bit 7 
is reset to zero. 

The calibration (CAL) bit 6 is used to enable the bq2018 
offset calibration test. Setting this bit to 1 enables a V OS 
calibration whenever HDQ is low (default), and | V SR0 1 < 
V W oe- This bit is cleared to 0 by the bq2018 whenever a 
valid V os calibration is completed, and the OFR register 
is updated with the new calculated offset. The bit re- 
mains 1 if the offset calibration was not completed. 

The CAL location is 


MODE/WOE Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

CAL 

- 

- 

- 

- 

- 

" 


Where CAL is 


0 Valid offset calibration 

1 Offset calibration pending 
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The slow time charge (STC) and slow time discharge 
(STD) flags indicate if the CTC or DTC registers have 
rolled over beyond flFfh. STC set to 1 indicates a CTC 
rollover; STD set to 1 indicates a DTC rollover. 

The STC and STD locations are 


MODE/WOE Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

STC 

STD 

- 


- 

- 


Where STC/STD is 


0 No rollover 

1 Rollover occurred in the corresponding 
CTC/DTC register. 

The Wake Up Output Enable (WOE) bits (bits 3-1) are 
used to set the Wake- Up Ena ble signal level. Whenever 
|V SR0 | <V W0E , the WAKE output is in High Z. If 
I V SRO | is greater than V W0E , WAKE transitions low. On 
bq2018 initialization (power-on reset) these bits are set to 
1. Setting all of these bits to zero is not valid. Refer to 
Table 3 for the various WOE values. 

The WOE 3-1 locations are 


MODE/WOE Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

WOE3 

WOE2 

WOE1 

- 


Temperature and Clear Register 

The TMP/CLR register (address = 74h) is used to give the 
present temperature step between < 0°C to > 60°C and 
clear the various count registers. The values of the 
TMP0-TMP2 (bits 5-7) denote the current temperature 
step sense by the bq2018 as outlined in Table 4. The 
bq2018 temperature sense is trimmed to ± 2°C typical 
(± 4°C maximum). 

The TMP2-0 locations are 


TMP/CLR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP2 

TMP1 

TMPO 

- 

- 

- 

- 

- 


Where TMP2-0 is the temperature step sensed by this 
bq2018. 

The Clear bits (Bits 0-4) are used to reset the various 
bq2018 counters and STC and STD bits to zero. Writing 
the bits to 1 resets the corresponding register to 0. The 
clear bit resets to 0 indicating a successful register reset. 
Each clear bit is independent, so it is possible to clear the 
DCRH/DCRL registers without affecting the values in 
any other bq2018 register. The high-byte and low-byte 
registers are both cleared when the corresponding bit is 
written to 1 per the figure below. 


Where WOE3-1 is determined by dividing 3.84mV by the 
value in WOE. 

Bit 0 is reserved and must remain 0. 


Send Host to bq-HDQ 
CDMR 


(_j UrijjLJCiTiJiJirir^^ 


Send Host to bq-HDQ or 
Receive from bq-HDQ 

Data -►! \<- tRR 

nLDTJinjQTJin^ uii 



i 

i 

Break [ 

Address 

LSB 

Bjtoj m r _ r _ i ^ 



^LCTLCTLCrLQ 

1 1 

^ u-* Address-Bit/ 

S,art - blt Data-Bit 



1 1 1 




FVW 

MSB 

Bit7 


UT~ 

b«-tRSPs 


Stop-Bit 


TD201807.eps 


Figure 5. Communications Frame Example 
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The Clear bit locations are 


TMP/CLR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

CTC 

DTC 

SCR 

CCR 

DCR 


Where: 


Offset Register (OFR) 

The OFR register (address = 73h) is used to store the cal- 
culated Vqs of the bq2018. The OFR value can be used to 
cancel the voltage offset between V SR1 and V SR2 - The 
up/down offset counter is centered at zero. The actual off- 
set is an 8-bit two’s complement value located in OFR. 

The OFR locations are 


CTC bit (bit 4) resets both the CTCH and CTCL registers 
and the STC bit to 0. 

The DTC bit (bit 3) resets both the DTCH and DTCL 
registers and the STD bit to 0. 

The SCR bit (bit 2) resets both the SCRH and SCRL reg- 
isters to 0. 

The CCR bit (bit 1) resets both the CCRH and CCRL 
registers to 0. 

The DCR bit (bit 0) resets both the DCRH and DCRL 
registers to 0. 


OFR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

OFR7 

OFR6 

OFR5 

OFR4 

OFR3 

OFR2 

OFR1 

OFRO 


Where OFR7 is 
1 Discharge 
0 Charge 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Uni 

t 

Notes 

v cc 

Relative to V ss 

-0.3 

+6.0 

V 


HDQ 

Relative to V ss 

-0.3 

+6.0 

V 


All other pins 


V ss -0.3V 

V cc +3.0V 

V 


!reg 

REG to V ss 


1.0 

mA 


Vsri/ V SR2 

Relative to V ss 

-0.3 

+6.0 

V 

A lOOkO series resistor is 
recommended to protect SRI / SR2 
in case of a shorted battery. 

t opr 

Operating 

temperature 

-20 

+70 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics <t a = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

V CC 

Supply voltage 

2.8 

4.25 

5.5 

V 

REG = No connect 

3.5 

3.7 

3.9 

V 

V cc derived from REG, Note 3 

fee 

Operating current 

- 

60 

70 

pA 

VcC.HDQ = 3.7 V 

- 

70 

80 

jllA 

VcC.HDQ = 5.5 V 

IcC2 

Sleep 

- 

- 

10 

M-A 

Vcc = 55V 

Irbi 

RBI current 

- 

- 

100 

nA 

V cc < 2.4V 

Vsr 

Sense resistor input 

-200 

- 

200 

mV 

V S ri < V SR2 = discharge; 
v sri > V S R 2 = charge 

Note 2 

Rsr 

SRI / SR2 input impedance 

10 

- 

- 

MO 

-200mV < V SR < 200mV 

!ol 

Open-drain sink current 


- 

2.0 

mA 

Vol = Vgg + 0.3V 

WAKE, HDQ 

VfflDQ 

HDQ input high 

2.5 

- 

- 

V 


ViLDQ 

HDQ input low 

- 

- 

‘A 8 

V 



Notes: 


1. All voltages relative to V SS - 

2. V SR1 / SR2 + Vos- Vos i s affected by PC board layout. Follow proper layout guidelines for optimal 
performance. 

3. Can be guaranteed by design when using an SST108 or equivalent JFET. 


12/15 


4-181 






bq2018 


Performance Characteristics <t a = t opr ) 


Symbol 

Parameter 

Typical 

Maximum 

Unit 

Notes 

Vos 

Offset voltage 


±500 

nV 

Voltage offset between SRI and SR2 

osc 

Timer accuracy 

1.5 

±3.0 

% 

V cc =3.5 - 3.9V (T a = 0-70°C) 

INR 

Integrated non- 
repeatability error 

0.5 

1.0 

% 

Measured repeatability given similar 
operating conditions 

INL 

Integrated 

non-linearity 

1.0 

2.0 

% 

Add 0.05% per °C above or below 

25°C and 0.5% per volt above or be- 
low 3.7V. 


Standard Serial Communication Timing Specification (t a = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tcYCH 

Cycle time, host to bq2018 (write) 

190 



ps 


tcYCB 

Cycle time, bq2018 to host (read) 

190 

205 

250 

ps 


tsTRH 

Start hold, host to bq2018 (write) 

5 

- 

- 

ns 


tsTRB 

Start hold, bq2018 to host (read) 

32 

- 

- 

ps 


^DSUB 

Data setup 

- 

- 

50 

ps 


^DH 

Data hold 

90 

- 

- 

ps 


tDV 

Data valid 

- 

- 

80 

ps 


tsSUB 

Stop setup (bq2018 to host) 

- 

- 

95 

ps 


^SSU 

Stop setup (host to bq2018) 

- 


145 

ps 


t B 

Break 

190 

- 

- 

ps 


^BR 

Break recovery 

40 

- 

- 

ps 


^RSPS 

Response time, bq2018 to host 

190 

- 

320 

ps 


^RR 

Read recovery 

40 

- 

- 

ps 

Host read to next 
cycle 
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Break Timing 



tB — 


Host to bq201 8 



bq201 8 to Host 




- tCYCH 


Read "1" 


Read "O' 



bq2018 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

All 



2 

12 


Clarification of absolute maximum pin ratings 


Note: Change 1 = Jan. 1999 B changes to Final from Dec. 1998 Preliminary data sheet. 

Change 2 = June 1999 C changes from Jan. 1999 B. 


Ordering Information 


bq201 8 

f- Temperature Range: 

blank = Commercial (-20 to +70°C) 


Package Option: 

SN = 8-pin narrow SOIC 
TS = 8 pin TSSOP 


Device: 

bq2018 Power Minder IC 
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bq2040 

UNITRODE 

Gas Gauge 1C With SMBus Interface 


Features 

> Provides accurate measurement 
of available charge in NiCd, 
NiMH, and Li-Ion batteries 

V Supports SBS vl.O data set and 
two-wire interface 

> Monitors charge FET in Li-Ion 
pack protection circuit 

> Designed for battery pack inte- 
gration 

- Low operating current 

- Complete circuit can fit on less 
than 3 A square inch of PCB 
space 

> Supports SBS charge control 
commands for NiCd, NiMH, and 
Li-Ion 

Drives a four-segment LED dis- 
play for remaining capacity 
indication 

> 16-pin narrow SOIC 


General Description 

The bq2040 Gas Gauge IC With 
SMBus Interface is intended for 
battery-pack or in-system installa- 
tion to maintain an accurate record 
of available battery charge. The 
bq2040 directly supports capacity 
monitoring for NiCd, NiMH, and Li- 
Ion battery chemistries. 

The bq2040 uses the System Man- 
agement Bus vl.O (SMBus) protocol 
and supports the Smart Battery 
Data (SBData) commands. The 
bq2040 also supports the SBData 
charge control functions. Battery 
state-of-charge, remaining capacity, 
remaining time, and chemistry are 
available over the serial link. 
Battery-charge state can be directly 
indicated using a four-segment LED 
display to graphically depict battery 
full-to-empty in 25% increments. 


The bq2040 estimates battery self- 
discharge based on an internal 
timer and temperature sensor and 
user-programmable rate informa- 
tion stored in external EEPROM. 

The bq2040 also automatically re- 
calibrates or “learns” battery capac- 
ity in the full course of a discharge | * If 
cycle from full to empty. 

The bq2040 may operate directly s i H 
from three nickel chemistry cells. 1 
With the REF output and an exter- 
nal transistor, a simple, inexpensive 
regulator can be built to provide 
Vcc for other battery cell configu- 
rations. 

An external EEPROM is used to 
program initial values into the 
bq2040 and is necessary for proper 
operation. 


Pin Connections 


Pin Names 




■w — 


vccC 

1 

16 

I] v OUT 

esclQ 

2 

15 

REF 

esda[I 

3 

14 

SMBC 

LEDI □ 

4 

13 

SMBD 

LED 2 IZ 

5 

12 

PSTAT 

LED 3 IZ 

6 

11 

HI SB 

LED 4 IZ 

7 

10 

HI DISP 

vssC 

8 

9 

SR 

16-Pin Narrow SOIC 




PN204001.eps 


V C c 

3. 0-6.5 V 

SB 

Battery sense input 

ESCL 

EEPROM clock 

PSTAT 

Protector status input 

ESDA 

EEPROM data 

SMBD 

SMBus data input/output 

LEDj.4 

LED segment 1-4 

SMBC 

SMBus clock 

Vss 

System ground 

REF 

Voltage reference output 

SR 

Sense resistor input 

Vqut 

EEPROM supply output 

DISP 

Display control input 
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Pin Descriptions 

Vcc Supply voltage input 

ESCL Serial memory clock 

Output used to clock the data transfer be- 
tween the bq2040 and the external non- 
volatile configuration memory. 

ESDA Serial memory data and address 

Bidirectional pin used to transfer address 
and data to and from the bq2040 and the ex- 
ternal nonvolitile configuration memory. 

LEDi- LED display segment outputs 
LED 4 

Each output may drive an external LED. 

Vss Ground 

SR Sense resistor input 

The voltage drop (Vsr) across pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the sense re- 
sistor and the negative terminal of the 
battery. Vsr < Vss indicates discharge, and 
Vsr > Vss indicates charge. The effective 
voltage drop, Vsro, as seen by the bq2040 
is Vsr + Vos* (See Table 3.) 


DISP Display control input 

DISP high disables the LED display. DISP 
floating allows the LED display to be active 
during charge if the rate is greater than 
100mA. DISP low activates the display for 
4 seconds. 

SB Secondary battery input 

Monitors the pack voltage through a high- 
impedance resistor divider network. The 
pack voltage is reported in the SBD register 
function Voltage (0x09) and is monitored for 
end-of-discharge voltage and charging volt- 
age parameters. 

PSTAT Protector status input 

Provides overvoltage status from the Li-Ion 
protector circuit and can initiate a charge sus- 
pend request. 

SMBD SMBus data 

Open-drain bidirectional pin used to transfer 
address and data to and from the bq2040. 

SMBC SMBus clock 

Open-drain bidirectional pin used to clock 
the data transfer to and from the bq2040. 

REF Reference output for regulator 

REF provides a reference output for an op- 
tional FET-based micro-regulator. 


Vout Supply output 

Supplies power to the external EEPROM con- 
figuration memory. 
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Functional Description 

General Operation 

The bq2040 determines battery capacity by monitoring 
the amount of charge put into or removed from a re- 
chargeable battery. The bq2040 measures discharge 
and charge currents, estimates self-discharge, and 
monitors the battery for low-battery voltage thresholds. 
The charge is measured by monitoring the voltage 
across a small-value series sense resistor between the 
battery's negative terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the envi- 
ronmental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2040 using the LED capacity display, the serial port, 
and an external EEPROM for battery pack program- 
ming information. The bq2040 must be configured and 
calibrated for the battery-specific information to ensure 
proper operation. Table 1 outlines the configuration in- 
formation that must be programmed in the EEPROM. 


An internal temperature sensor eliminates the need 
for an external thermistor — reducing cost and compo- 
nents. An internal, temperature-compensated time- 
base eliminates the need for an external resonator, m v 
further reducing cost and components. The entire cir- 
cuit in Figure 1 can occupy less than % square inch of |g , t 
board space. - *.j\ 


TP5 >- 


TPG >- 


U2 


— 2-4LC01 


R3 

| AM- 


02 


" R 1 3 

10K 


: R12 

10K 


_G 

_5 




R14 

| AAA- 

1K 

R2 

| AAA- 


R15 


ILM 

A 


D1 

COLOR 

D2 

— De- 
color 

D3 

— 

COLOR 

D4 


' T * 
COLOR 



Chart 1 

For bq2040 With No D8 


No. of Cells 

R5 

R11 

R4 

Q1 


2 

301 K 

604K 

100K 

BSS138 

o 

3 

499K 

806K 

100K 

BSS138 

_J 

4 

698K 

604K 

100K 

2N7002 


6 

499K 

499K 

100K 

BSS138 


8 

698K 

806K 

100K 

BSS138 

i 

9 

806 K 

499K 

100K 

2N7002 

z 

10 

909K 

604K 

100K 

2N7002 


12 

909K 

909K 

86.5K 

2N7002 


V CC U 1 V OUT 
ESCL REF 


Q1 

ir 


D5 


RIG 

“ 10K 


bq2040 

C5 


SW1 




Rll 

| Wv 

D8 CMPZ4691 


-Q BflT+ 


tp4 : 


; R17 

10K 


5 


R5 

v/. 




R6 
1 WV- 


R9 

-MAr- 


-Ogtrt 


-O SMBC 


D7 

zft 1 

W84C5UE 

D6 


R7 ^ 

1 V\A O SMBD 

O pncK “ 



-Obrt- 


:c3 

0.1UF 


Figure 1. Battery Pack Application Diagram — LED Display 
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Table 1 . Configuration Memory Map 


Parameter Name 

Address 

Description 

Length 

Units 

EEPROM length 

0x00 

Number of EEPROM data locations 
must = 0x64 

8 bits 

NA 

EEPROM checkl 

0x01 

EEPROM data integrity check byte, must = 0x5b 

8 bits 

NA 

Remaining time alarm 

0x02/0x03 

Sets RemainingTimeAlarm (0x02) 

16 bits 

minutes 

Remaining capacity alarm 

0x04/0x05 

Sets RemainingCapacityAlarm (0x01) 

16 bits 

mAh 

Reserved 

0x06/0x07 

Reserved for future use 

16 bits 

NA 

Initial charging current 

0x08/0x09 

Sets the initial charging current 

16 bits 

in A 

Charging voltage 

0x0a/0x0b 

Sets ChargingVoltage (0x15) 

16 bits 

mV 

Battery status 

OxOc/OxOd 

Initializes BatteryStatus (0x16) 

16 bits 

NA 

Cycle count 

OxOe/OxOf 

Initializes and stores CycleCount (0x17) 

16 bits 

cycles 

Design capacity 

0x10/0x11 

Sets DesignCapacity (0x18) 

16 bits 

mAh 

Design voltage 

0x12/0x13 

Sets DesignVoltage (0x19) 

16 bits 

mV 

Specification information 

0x14/0x15 

Programs Specificationlnfo (Ox la) 

16 bits 

NA 

Manufacture date 

0x16/0x17 

Programs ManufactureDate (Ox lb) 

16 bits 

NA 

Serial number 

0x18/0x19 

Programs SerialNumber (Oxlc) 

16 bits 

NA 

Fast-charging current 

Oxla/Oxlb 

Sets ChargingCurrent (0x14) 

16 bits 

mA 

Maintenance-charge current 

Oxlc/Oxld 

Sets the trickle current request 

16 bits 

mA 

Reserved 

Oxle/Oxlf 

Reserved must = 0x0000 

16 bits 

mAh 

Manufacturer name 

0x20-0x2b 

Programs ManufacturerName (0x20) 

96 bits 

NA 

Current overload 

0x2c/0x2d 

Sets the overload current threshold 

16 bits 

mA 

Battery low % 

0x2e 

Sets the battery low amount 

8 bits 

% 

Reserved 

0x2f 

Reserved for future use 

8 bits 

NA 

Device name 

0x30-0x37 

Programs DeviceName (0x21) 

64 bits 

NA 

Li-Ion taper current 

0x38/0x39 

Sets the upper limit of the taper current for charge 
termination 

16 bits 

mA 

Maximum overcharge limit 

0x3a/0x3b 

Sets the maximum amount of overcharge 

16 bits 

NA 

Reserved 

0x3c 

Reserved must = 0x00 

8 bits 

NA 

Access protect 

0x3d 

Locks commands outside of the SBS data set 

8 bits 

NA 

FLAGS 1 

0x3e 

Initializes FLAGS 1 

8 bits 

NA 

FLAGS2 

0x3f 

Initializes FLAGS2 

8 bits 

NA 

Device chemistry 

0x40-0x45 

Programs DeviceChemistry (0x22) 

48 bits 

NA 

Current measurement gain 

0x46/0x47 

Sense resistor calibration value 

16 bits 

NA 

Battery voltage offset 

0x48 

Voltage calibration value 

8 bits 

NA 

Temperature offset 

0x49 

Temperature calibration value 

8 bits 

NA 

Maximum temperature and 

0x4a 

Sets the maximum charge temperature and the AT 

8 bits 

NA 

AT step 

step for AT/At termination 
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Table 1 . Configuration Memory Map (Continued) 


Parameter Name 

Address 

Description 

Length 

Units 

Charge efficiency 

0x4b 

Sets the high/low charge rate efficiencies 

8 bits 

NA 

Full charge percentage 

0x4c 

Sets the percent at which the battery is consid- 
ered fully charged 

8 bits 

NA 

Digitial filter 

0x4d 

Sets the minimum charge/discharge threshold 

8 bits 

NA 

Current integration gain 

0x4e 

Programs the current integration gain to the 
sense resistor value 

8 bits 

NA 

Self-discharge rate 

0x4f 

Sets the battery’s self-discharge rate 

8 bits 

NA 

Manufacturer data 

0x50-0x55 

Programs ManufacturerData (0x23) 

48 bits 

NA 

Voltage gainl 

0x56/0x57 

Battery divider calibration value 

16 bits 

NA 

Reserved 

0x58-0x59 

Reserved 

16 bits 

NA 

EDVF charging current 

0x5a/0x5b 

Sets the charge current request when the battery 
voltage is less than EDVF 

16 bits 

NA 

End of discharge voltage 1 

0x5c/0x5d 

Sets EDV1 

16 bits 

NA 

End of discharge voltage final 

0x5e/0x5f 

Sets EDVF 

16 bits 

NA 

Full-charge capacity 

0x60/0x61 

Initializes and stores FullChargeCapacity (0x10) 

16 bits 

mAh 

At step 

0x62 

Sets the At step for AT/At termination 

8 bits 

NA 

Hold-off time 

0x63 

Sets AT/At hold-off timer 

8 bits 

NA 

EEPROM check 2 

0x64 

EEPROM data integrity check byte 
must = 0xb5 

8 bits 

NA 

Reserved 

0x65-0x7f 

Reserved for future use 


NA 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2040 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor-divider network per the fol- 
lowing equation: 

R^ = MBV _ 

R 4 2.25 

where MBV is the maximum battery voltage, R 5 is con- 
nected to the positive battery terminal, and R 4 is con- 
nected to the negative battery terminal. R 5 /R 4 should be 
rounded to the next higher integer. The voltage at the 
SB pin (Vsb) should never exceed 2.4V. 

The battery voltage is monitored for the end-of- 
discharge voltages (EDV1 and EDVF) and for alarm 
warning conditions. EDV threshold levels are used to de- 
termine when the battery has reached a programmable 
“empty” state. The bq2040 generates an alarm warning 
when the battery voltage exceeds the maximum charg- 
ing voltage by 5% or if the voltage is below EDVF. The 
battery voltage gain, the two EDV thresholds, and the 
charging voltage are programmable in the EEPROM. 

If Vsb is below either of the two EDV thresholds, the associ- 
ated flag is latched and remains latched, independent of 
Vsb, until the next valid charge. 

EDV monitoring may be disabled under certain condi- 
tions. If the discharge current is greater than the value 
stored in location 0x2c and 0x2d in the EEPROM (EE 
0x2c/0x2d), EDV monitoring is disabled and resumes af- 
ter the current falls below the programmed value. 

Reset 

The bq2040 is reset when first connected to the battery 
pack. On power-up, the bq2040 initializes and reads the 
EEPROM configuration memory. The bq2040 can also 
be reset with a command over the SMBus. The software 
reset sequence is the following: (1) write MaxError 
(0x0c) to 0x0000; (2) write the reset register (0x64) to 
0x8009. A software reset can only be performed if the 
bq2040 is in an unlocked state as defined by the value in 
location 0x3d of the EEPROM (EE 0x3d) on power-up. 

Temperature 

The bq2040 monitors temperature sensing using an in- 
ternal sensor. The temperature is used to adapt charge 
and self-discharge compensations as well as to monitor 
for maximum temperature and AT/At during a bq2040 
controlled charge. Temperature may also be accessed 
over the SMBus with command 0x08. 


Layout Considerations 

The bq2040 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally, in refer- 
ence to Figure 1: 

■ The capacitors (Cl and C2) should be placed as close as 
possible to the SB and Vcc pins, and their paths to Vss 
should be as short as possible. A high-quality ceramic 
capacitor of 0. Ip f is recommended for Vcc- 

■ The sense resistor capacitor (C3) should be placed as 
close as possible to the SR pin. 

■ The bq2040 should be in thermal contact with the 
cells for optimum temperature measurement. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2040. The bq2040 accumu- 
lates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. Charge currents 
are compensated for temperature and state-of-charge of 
the battery. Self-discharge is temperature-compensated. 

The main counter, RemainingCapacity (RM), represents 
the available battery capacity at any given time. Battery 
charging increments the RM register, whereas battery dis- 
charging and self-discharge decrement the RM register 
and increment the internal Discharge Count Register 
(DCR). 

The Discharge Count Register is used to update the 
FullChargeCapacity (FCC) register only if a complete 
battery discharge from full to empty occurs without any 
partial battery charges. Therefore, the bq2040 adapts 
its capacity determination based on the actual condi- 
tions of discharge. 

The battery's initial full capacity is set to the value stored 
in EE 0x60-0x61. Until FCC is updated, RM counts up to, 
but not beyond, this threshold during subsequent charges. 

The battery’s empty state is also programmed in the 
EEPROM. The battery low percentage (EE 0x2e) stores 
the percentage of FCC that will be written to RM when 
the battery voltage drops below the EDV 1 threshold. 

1. FullChargeCapacity or learned-battery 
capacity: 

FCC is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or reset), 
FCC is set to the value stored in the EEPROM. Dur- 
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Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (FCC) 



Outputs 


Chip-Controlled Two-Wire 
Available Charge Serial Interface 
LED Display 


ill! 


Figure 2. Operational Overview 


in g subsequent discharges, FCC is updated with the 
latest measured capacity in the Discharge Count Reg- 
ister plus the battery low amount, representing a dis- 
charge from full to below EDV1. A qualified dis- 
charge is necessary for a capacity transfer from the 
DCR to the FCC register. Once updated, the bq2040 
writes the new FCC to the EEPROM. The FCC also 
serves as the 100% reference threshold used by the 
relative state-of-charge calculation and display. 

2. DesignCapacity (DC): 

The DC is the user-specified battery capacity and is 
programmed from external EEPROM. The DC also 
provides the 100% reference for the absolute dis- 
play mode. 

3. RemainingCapacity (RM): 

RM counts up during charge to a maximum value of 
FCC and down during discharge and self-discharge to 
0. RM is set to the battery low amount after the 
EDV1 threshold has been reached. If RM is already 
equal to or less than the battery low amount, RM is 
not modified. If RM reaches the battery low amount 
before the battery voltage falls below EDV1 on dis- 
charge, RM stops counting down until the EDV1 
threshold is reached. RM is set to 0 when the battery 
voltage reaches EDVF. To prevent overstatement of 
charge during periods of overcharge, RM stops in- 
crementing when RM = FCC. RM may optionally 
be written to a user-defined value when fully 
charged if the battery pack is under bq2040 charge 
control. On initialization, RM is set to 0. 


4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Prior to RM = 0, both discharge 
and self-discharge increment the DCR. After RM 
= 0, only discharge increments the DCR. The DCR 
resets to 0 when RM = FCC and stops counting at 
EDV1 on discharge. The DCR does not roll over but 
stops counting when it reaches FFFFh. 

FCC is updated on the first charge after a qualified 
discharge to EDV1. The updated FCC equals the 
battery low percentage times the current FCC plus 
the DCR value. A qualified discharge to EDV1 oc- 
curs if all of the following conditions exist: 

■ No valid charge initiations (charges greater than 
lOmAh, where Vsro > +Vsrd occurred during 
the period between RM = FCC and EDV1 de- 
tected. 

■ The self-discharge count is not more than 
256mAh. 

■ The low temperature fault bit in FLAGS2 is not 
set when the EDV1 level is reached during dis- 
charge. 

■ Battery voltage is not more than 256mV below 
the EDV1 threshold when EDV1 is set. 

The valid discharge flag (VDQ) in FLAGS 1 indi- 
cates whether the present discharge is valid for an 
FCC update. FCC cannot be reduced by more than 
256mAh during any single cycle. 
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Charge Counting 


Current Taper 


Charge activity is detected based on a positive voltage 
on the SR input. If charge activity is detected, the 
bq2040 increments RM at a rate proportional to Vsro 
and, if enabled, activates an LED display. Charge ac- 
tions increment the RM after compensation for charge 
state and temperature. 

The bq2040 determines charge activity sustained at a 
continuous rate equivalent to Vsro > +Vsrd. A valid 
charge equates to sustained charge activity 
greater than 10 mAh. Once a valid charge is detected, 
charge threshold counting continues until Vsro falls be- 
low Vsrd. Vsrd is a programmable threshold as de- 
scribed in the Digital Magnitude Filter section. 

Discharge Counting 


For Li-Ion charge control, the ChargingVoltage must be 
set to the desired pack voltage during the constant volt- 
age charge phase. The bq2040 detects a current taper 
termination when it measures the pack voltage to be 
within 128mV of the requested charging voltage and 
when the AverageCurrent is less than the programmed 
threshold in EE 0x38 — 0x39 and non-zero for at least 
100s. 

AT/At 

The AT/At used by the bq2040 is programmable in both 
the temperature step (1.6°C-4.6°C) and time step (20 
seconds-320seconds). Typical settings for l°C/min in- 
clude 2°C over 120 seconds and 3°C over 180 seconds. 
Longer times are required for increased slope resolution. 


All discharge counts where Vsro < -Vsrd cause the RM 
register to decrement and the DCR to increment. Vsrd 
is a programmable threshold as described in the Digital 
Magnitude Filter section. 

Self-Discharge Estimation 

The bq2040 continuously decrements RM and incre- 
ments DCR for self-discharge based on time and temper- 
ature provided that the discharge flag in BatteryStatus 
is set (charge not detected). The bq2040 self-discharge 
estimation rate is programmed in EE 0x4f and can be 
set from 0 to 25% per day for 20-30°C. This rate approx- 
imately doubles for every 10°C increase until the tem- 
perature is > 70°C or halves every 10°C decrease until 
the temperature is < 10°C. 


— is set by the formula: — = 
At At 


[(lower nibble of EE 0x4a)*2 + 16]/ 10 
[320 - (EE 0x62) * 20)] 


s 


In addition to the AT/At timer, there is a hold-off timer, 
which starts when the battery is being charged at more 
than 255mA and the temperature is above 25°C. Until 
this timer expires, AT/At is suspended. If the tempera- 
ture falls below 25°C, or if charging current falls below 
255mA, the timer is reset and restarts only if these con- 
ditions are once again within range. The hold-off time is 
programmed in EE 0x63. 

Charge Termination 


Charge Control 

The bq2040 supports SBS charge control by broadcast- 
ing the ChargingCurrent and the ChargingVoltage to 
the Smart Charger address. The bq2040 broadcasts 
charging commands every 10 seconds; the broadcasts 
can be disabled by writing bit 14 of BatteryMode to 1. 
On reset, the initial charging current broadcast to the 
charger is set to the value programmed in EE 0x08- 
0x09. The bq2040 updates the value used in the charg- 
ing current broadcasts based on the battery’s state of 
charge, voltage, and temperature. 

The bq2040 internal charge control is compatible with 
nickel-based and Li-Ion chemistries. The bq2040 uses 
current taper detection for Li-Ion primary charge termi- 
nation and AT/At for nickel based primary charge termi- 
nation. The bq2040 also provides a number of safety 
terminations based on battery capacity, voltage, and 
temperature. 


Once the bq2040 detects a valid charge termination, the 
Fully_Charged, Terminate_Charge_Alarm, and the 
Over_Charged_Alarm bits are set in BatteryStatus, and 
the requested charge current is set to zero. Once the 
terminating conditions cease, the Termi- 
nate_Charge_Alarm and the Over_Charged_Alarm are 
cleared, and the requested charging current is set to the 
maintenance rate. The bq2040 requests the mainte- 
nance rate until RM falls below the amount determined 
by the programmable full- charge percentage. Once this 
occurs, the Fully_Charged bit is cleared, and the re- 
quested charge current and voltage are set to the 
fast-charge rate. 

Bit 4 (CC) in FLAGS2 determines whether RM is modi- 
fied after a AT/At or current taper termination occurs. If 
CC = 1, RM may be set from 0 to 100% of the FullChar- 
geCapacity as defined in EE 0x4c. If RM is below the 
full-charge percentage, RM is set to the full-charge per- 
centage of FCC. If RM is above the full-charge percent- 
age, RM is not modified. 
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Charge Suspension 

The bq2040 may temporarily suspend charge if it detects 

a charging fault. The charging faults include the follow- 
ing conditions: 

■ Maximum Overcharge: If charging continues for 
more than the programmed maximum overcharge 
limit as defined in EE 0x3a — 0x3b beyond RM=FCC, 
the Fully Charged bit is set, and the requested 
charging current is set to the maintenance rate. 

■ Overvoltage: An over-voltage fault exists when the 
bq2040 measures a voltage more than 5% above the 
ChargingVoltage. When the bq2040 detects an 
overvoltage condition, the requested charge current is 
set to 0 and the Terminate_Charge_Alarm bit is set 
in BatteryStatus. The alarm bit is cleared when the 
current drops below 256mA and the voltage is less 
than 105% of ChargingVoltage. 

■ Overcurrent: An overcurrent fault exists when the 
bq2040 measures a charge current more than 25% 
above the ChargingCurrent. If the ChargingCurrent 
is less than 1024mA, an overcurrent fault exists if the 
charge current is more than 1mA above the lowest 
multiple of 256mA that exceeds the ChargingCurrent. 
When the bq2040 detects an overcurrent condition, the 
requested charge current is set to 0 and the 
Terminate_Charge_Alarm bit is set in Battery Status. 
The alarm bit is cleared when the current drops below 
256mA. 

■ Maximum Temperature: When the battery 
temperature equals the programmed maximum 
temperature, the requested charge current is set to 
zero and the Over_Temp_Alarm and the 
Terminate_Charge_Alarm bits are set in Battery 
Status. The Over_Temp_Alarm bit is cleared when 
the temperature drops to 43 °C below the maximum 
temperature threshold minus 5°C. 

■ PSTAT: When the PSTAT input is >1.5V, the 
requested charge current is set to 0 and the 
Terminate_Charge_Alarm bit is set in BatteryStatus 
if the Discharging flag is not set. The alarm bit is 
cleared when the PSTAT input is cl.OV or the 
Discharging flag is set. 

■ Low Temperature: When the battery temperature 
is less than 12°C (LTF bit in FLAGS2 set), the 
requested charge current is set to the maintenance 
rate. Once the temperature is above 15°C, the 
requested charge current is set to the fast rate. 

■ Undervoltage: When the battery voltage is below 
the EDVF threshold, the requested charge current is 
set to the EDVF rate stored in EE0x5a/0x5b. Once 
the voltage is above EDVF, the requested charge 
current is set to the fast or maintenance rate 
depending on the state of the LTF bit. 


Count Compensations 

Charge activity is compensated for temperature and 
state-of- charge before updating the RM and/or DCR. 
Self-discharge estimation is compensated for tempera- 
ture before updating RM or DCR. 

Charge Compensation 

Charge efficiency is compensated for state-of-charge, 
temperature, and battery chemistry. The charge effi- 
ciency is adjusted using the following equations: 

1. )RM = RM * (Q efc - Q et ) 

where RelativeStateOfCharge < FullChargePercentage, 
and Q EFC is the programmed fast-charge efficiency vary- 
ing from 0.75 to 1.0. 

2. )RM = RM * (Q etc - Q et ) 

where RelativeStateOfCharge > FullChargePercentage 
and Q etc is the programmed maintenance (trickle) 
charge efficiency varying from 0.75 to 1.0. 

Q et is used to adjust the charge efficiency as the battery 
temperature increases according to the following: 

Q et = 0 if T < 30°C 

Q et = 0.02 if 30°C < T < 40°C 

Q et = 0.05 if T > 40°C 

Qet is 0 over the entire temperature range for Li-Ion. 

Digital Magnitude Filter 

The bq2040 has a programmable digital filter to elimi- 
nate charge and discharge counting below a set 
threshold, Vsrd. Table 2 shows typical digital filter 
settings. The proper digital filter setting can be calcu- 
lated using the following equation. 

DMF = -ii- 
VsRD 


Table 2. Typical Digital Filter Settings 


DMF 

DMF Hex. 

Vsrd (mV) 

75 

4B 

0.60 

100 

64 

0.45 

150 

96 

0.30 

175 

AF 

0.26 

200 

C8 

0.23 
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Table 3. bq2040 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

Vos 

Offset referred to Vsr 

± 75 

± 150 

nV 

DISP = Vcc. 

INL 

Integrated non-linearity 
error 

± 1 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 0.5 

± 1 

% 

Measurement repeatability given 
similar operating conditions. 


Error Summary 

Capacity Inaccurate 

The FCC is susceptible to error on initialization or if no 
updates occur. On initialization, the FCC value includes 
the error between the design capacity and the actual ca- 
pacity. This error is present until a qualified discharge 
occurs and FCC is updated (see the DCR description). 
The other cause of FCC error is battery wear-out. As the 
battery ages, the measured capacity must be adjusted to 
account for changes in actual battery capacity. Periodic 
qualified discharges from full to empty will minimize er- 
rors in FCC. 

Current-Sensing Error 

Table 3 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and dis- 
charge counts to the RM register when -Vsrd < Vsro < 
+ Vsrd- 

Display 

The bq2040 can directly display capacity information us- 
ing low-power LEDs. The bq2040 displays the battery 
charge state in either absolute or relative mode. In rela- 
tive mode, the battery charge is represented as a per- 
centage of the FCC. Each LED segment represents 25% 
of the FCC. 

In absolute mode, each segment represents a fixed 
amount of charge, 25% of the DesignCapacity. As the 
battery wears out over time, it is possible for the FCC to 
be below the design capacity. In this case, all of the 
LEDs may not turn on in absolute mode, representing 
the reduction in the actual battery capacity. 

When DISP is tie d to Vcc, the LED 1.4 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the bq2040 detects a charge rate of 
100mA or more. When pulled low, the segment outputs 
become active i mmedi ately for a period of approximately 
4 seconds. The DISP pin must be returned to float or 
Vcc to reactivate the display. 

LEDi blinks at a 4Hz rate indicating a low battery con- 
dition whenever the display is active, EDVF is not set, 
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and Remaining_Capacity_Alarm is set. Vsb below EDVF 
(EDVF = 1 ) disables the display output. 

Microregulator 

The bq2040 can operate directly from three nickel chem- 
istry cells. To facilitate the power supply requirements 
of the bq2040, an REF output is provided to regulate an 
external low-threshold n-FET. A micropower source for 
the bq2040 can be built inexpensively using a 2N7002 or 
BSS138 FET and an external resistor. (See Figure 1.) 
The value of Rll depends on the battery pack’s nominal 
voltage. 

Communicating With the bq2040 

The bq2040 includes a simple two-pin (SMBC and 
SMBD) bi-directional serial data interface. A host proc- 
essor uses the interface to access various bq2040 regis- 
ters; see Table 4. This method allows battery character- 
istics to be monitored easily. The open-drain SMBD and 
SMBC pins on the bq2040 are pulled up by the host sys- 
tem, or may be connected to Vss, if the serial interface is 
not used. 

The interface uses a command-based protocol, where the 
host processor sends the battery address and an eight- 
bit command byte to the bq2040. The command directs 
the bq2040 to either store the next data received to a 
register specified by the command byte or output the 
data specified by the command byte. 

bq2040 Data Protocols 

The host system, acting in the role of a Bus master, uses 
the read word and write word protocols to communicate 
integer data with the bq2040. (See Figure 3). 

Host-to-bq2040 Message Protocol 

The Bus Host communicates with the bq2040 using one 
of three protocols: 

■ Read word 

■ Write word 
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Figure 3. Host Communication Protocols 


■ Read block 

The particular protocol used is a function of the com- 
mand. The protocols used are shown in Figure 3. 

Host-to-bq2040 Messages (see Table 4) 

ManufacturerAccess() (0x00) 

This read/write word is an open location. 

Input/Output: word. 

RemainingCapacityAlarm() (0x01) 

This function sets or returns the low-capacity alarm 
value. When RM falls below the RemainingCapac- 
ityAlarm value initialized from the external EE- 
PROM, the Remaining_Capacity_Alarm bit is set in 
BatteryStatus. The system may alter this alarm dur- 
ing operation. 

Input/Output: unsigned integer. This sets/returns 
the value where the Remaining_Capacity_Alarm 
bit is set in Battery Status. 

Units: mAh 

Range: 0 to 65,535mAh 

RemainingTimeAlarm() (0x02) 

This function sets or returns the low remaining time 
alarm value. When the AverageTimeToEmpty falls be- 
low this value, the Remaining_Time_Alarm bit in Bat- 
teryStatus is set. The default value for this register is 
programmed in EE 0x02-0x03.. The system may alter 
this alarm during operation. 


Input/Output: unsigned integer. This sets/returns 
the value where the Remaining_Time_Alarm bit is 
set in Battery Status. 

Units: minutes 

Range: 0 to 65,535 minutes 

BatteryMode() (0x03) 

This read/write word selects the various battery opera- 
tional modes. The bq2040 supports the battery capacity 
information specified in mAh. This function also deter- 
mines whether the bq2040 charging values are broad- 
casted to the Smart Battery Charger address. 

Writing bit 14 to 1 disables voltage and current Master 
Mode broadcasts to the Smart Battery Charger. Bit 14 is 
automatically reset to 0 if SMBC and SMBD = 0 for 
greater than 2 seconds (i.e. pack removal). 

Writing bit 13 to 1 disables all Master Mode broadcasts 
including alarm messages to the Smart Battery Charger 
and Host. The bit remains set until overwritten. Pro- 
gramming bit 3 of FLAGS2 in the EEPROM (EE0x3f) 
initializes this bit to a 1. 

Bit 7 is the condition request flag. It is set when the 
bq2040 is initialized from the EEPROM and reset when a 
learning cycle has been completed. It is also set to a 1 if 
CycleCount increases by 32 without a new learning cycle. 

AtRate() (0x04) 

This read/write word is the first half of a two-function 
set used to set the AtRate value used in calculations 
made by the AtRateTimeToFull and AtRateTime- 
ToEmpty. 
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Table 4. bq2040 Register Functions 


Function 

Code 

Access 

Units 

Defaults 1 

ManufacturerAccess 

0x00 

read/write 

- 

- 

RemaningCapacityAlarm 

0x01 

read/write 

mAh 

E 2 

RemainingTimeAlarm 

0x02 

read/write 

minutes 

E 2 

BatteryMode 

0x03 

read/write 

bit flag 

- 

AtRate 

0x04 

read/write 

mA 

- 

AtRateTimeToFull 

0x05 

read 

minutes 

- 

AtRateTimeToEmpty 

0x06 

read 

minutes 

- 

AtRateOK 

0x07 

read 

Boolean 

- 

Temperature 

0x08 

read 

0.1°K 

2930 

Voltage 

0x09 

read 

mV 

E 2 

Current 

0x0a 

read 

mA 

0 

AverageCurrent 

0x0b 

read 

mA 

0 

MaxError 

0x0c 

read 

percent 

100 

RelativeStateOfCharge 

OxOd 

read 

percent 

- 

AbsoluteStateOfCharge 

OxOe 

read 

percent 

- 

RemainingC apacity 

OxOf 

read 

mAh 

E 2 

FullChargeCapacity 

0x10 

read 

mAh 

E 2 

RunTimeToEmpty 

0x11 

read 

minutes 

- 

AverageTimeToEmpty 

0x12 

read 

minutes 

- 

AverageTimeToFull 

0x13 

read 

minutes 

- 

ChargingCurrent 

0x14 

read 

mA 

E 2 

ChargingVoltage 

0x15 

read 

mV 

E 2 

Battery Status 

0x16 

read 

bit flags 

E 2 

CycleCount 

0x17 

read 

cycle 

E 2 

DesignCapacity 

0x18 

read 

mAh 

E 2 

DesignVoltage 

0x19 

read 

mV 

E 2 

Specificationlnfo 

Oxla 

read 

- 

E 2 

ManufactureDate 

Ox lb 

read 

- 

E 2 

SerialNumber 

Oxlc 

read 

integer 

E 2 

Reserved 

Oxld - Oxlf 

- 

- 

- 

ManufacturerN ame 

0x20 

read 

string 

E 2 

DeviceName 

0x21 

read 

string 

E 2 


Note: 1. Defaults after reset or power-up. 
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Table 4. bq2040 Register Functions (Continued) 


Function 

Code 

Access 

Units 

Defaults 1 

DeviceChemistry 

0x22 

read 

string 

E 2 

ManufacturerData 

0x23 

read 

string 

E 2 

FLAG1 and FLAG2 

0x2f 

read 

bit flags 

E 2 

End of Discharge Voltage 1 (EDV1) 

0x3e 

read 

- 

E 2 

End of Discharge Voltage Final 
(EDVF) 

0x3f 

read 

- 

E 2 


Note: 1. Defaults after reset or power-up. 
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■ When the AtRate value is positive, the 
AtRateTimeToFull function returns the predicted 
time to full-charge at the AtRate value of charge. 

■ When the AtRate value is negative, the 
AtRateTimeToEmpty function returns the predicted 
operating time at the AtRate value of discharge. 

Input/Output: signed integer. AtRate is positive 
for charge and negative for discharge. 

Units: mA 

Range: -32,768mA to 32,767mA 

AtRateTimeToFullO (0x05) 

This read-only word returns the predicted remaining 
time to fully charge the battery at the AtRate value 
(mA) and is valid only if read immediately after an 
AtRate command. 

Output: unsigned integer. Returns the predicted 
time to full charge. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2 min or better 

Invalid Data Indication: 65,535 indicates that the 
AtRate value is negative. 

AtRateTimeToEmpty() (0x06) 

This read-only word returns the predicted remaining op- 
erating time if the battery is discharged at the AtRate 
value and is valid only if read immediately after an 
AtRate command. 

Output: unsigned integer. Returns the predicted 
time to empty. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid Data Indication: 65,535 indicates that the 
AtRate value is not negative. 

AtRateOK() (0x07) 

This read-only word returns a Boolean value that indi- 
cates whether or not the EDVF flag has been set. 

Boolean: Indicates if the battery can supply addi- 
tional energy. 

Units: Boolean 

Range: TRUE * 0, FALSE = 0 
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Temperature() (0x08) 

This read-only word returns the cell-pack's internal 
temperature. 

Output: unsigned integer. Returns the cell tem- 
perature in tenths of degrees Kelvin increments. 

Units: 0.1°K 

Range: 0 to +500. 0°K 

Granularity: 0.5°K or better 

Accuracy: ±3°K after calibration 

Voltage() (0x09) 

This read-only word returns the cell-pack voltage (mV). 

Output: unsigned integer. Returns the battery ter- 
minal voltage in mV. 

Units: mV 

Range: 0to65,535mV 

Granularity: 0.2% of Design Voltage 

Accuracy: ± 1% of DesignVoltage after calibration 

Current() (0x0a) 

This read-only word returns the current through the 
battery's terminals (mA). 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767mA for charge or 0 to 
-32,768mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 
Accuracy: ± 1% of the DesignCapacity after calibration 

AverageCurrent() (0x0b) 

This read-only word returns a rolling average of the cur- 
rent through the battery's terminals. The AverageCur- 
rent function returns meaningful values after the bat- 
tery's first minute of operation. 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767mA for charge or 0 to 
-32,768mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 
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Accuracy: ±1% of the DesignCapacity after cali- 
bration 

MaxError() (0x0c) 

Returns the expected margin of error (%) in the state of 
charge calculation. 

Output: unsigned integer. Returns the percent un- 
certainty for selected information. 

Units: % 

Range: 0 to 100% 

RelativeStateOfCharge() (OxOd) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of FullChar- 
geCapacity (%). RelativeStateOfCharge is only 
valid for battery capacities more than 1504mAh 
and less than 10,400mAh. 

Output: unsigned integer. Returns the percent of re- 
maining capacity. 

Units: % 

Range: 0 to 100% 

Granularity: 1% 

Accuracy: ±MaxError after circuit and capacity 
calibration 

AbsoluteStateOfCharge() (OxOe) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of DesignCa- 
pacity (%). Note that AbsoluteStateOfCharge can return 
values greater than 100%. Absolute StateOfCharge 
is only valid for battery capacities more than 
1504mAh and less than 10,400mAh. 

Output: unsigned integer. Returns the percent of 
remaining capacity. 

Units: % 

Range: 0 to 65,535% 

Granularity: 1% 

Accuracy: ±MaxError after circuit and capacity 
calibration 


RemainingCapacityO (OxOf) 

This read-only word returns the predicted remaining 
battery capacity. The RemainingCapacity value is ex- 
pressed in mAh. 

Output: unsigned integer. Returns the estimated re- 
maining capacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 

Granularity: 0.2% of DesignCapacity or better 

Accuracy: ±MaxError * FCC after circuit and ca- 
pacity calibration 

FullChargeCapacityO (0x10) 

This read-only word returns the predicted pack capacity 
when it is fully charged. FullChargeCapacity defaults 
to the value programmed in the external EEPROM until 
a new pack capacity is learned. The new FCC is stored 
to EEPROM within 400ms of a valid charge after a 
qualified discharge. 

Output: unsigned integer. Returns the estimated full 
charge capacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 

Granularity: 0.2% of DesignCapacity or better 

Accuracy: ±MaxError * FCC after circuit and ca- 
pacity calibration 

RunTimeToEmpty() (0x1 1 ) 

This read-only word returns the predicted remaining 
battery life at the present rate of discharge (minutes). 
The RunTimeToEmpty value is calculated based on 
Current. 

Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery is 
not being discharged. 

AverageTimeToEmptyO (0x12) 

This read-only word returns the predicted remaining 
battery life at the present average discharge rate (min- 
utes). The AverageTimeToEmpty is calculated based on 
AverageCurrent. 



bq2040 


Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery 
is not being discharged. 

AverageTimeToFullO (0x13) 

This read-only word returns the predicted time until the 
Smart Battery reaches full charge at the present aver- 
age charge rate (minutes). 

Output: unsigned integer. Returns the remaining 
time in minutes to full. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery 
is not being charged. 

ChargingCurrent() (0x14) 

If enabled, the bq2040 sends the desired charging rate in 
mA to the Smart Battery Charger. 

Output: unsigned integer. Transmits/retums the 
maximum charger output current in mA. 

Units: mA 

Range: 0 to 65,534mA 

Granularity: 0.2% of the design capacity or better 

Invalid data indication: 65,535 indicates that the 
Smart Charger should operate as a voltage source 
outside its maximum regulated current range. 

ChargingVoltage() (0x15) 

If enabled, the bq2040 sends the desired voltage in mV 
to the Smart Battery Charger. 

Output: unsigned integer. Transmits/returns the 
charger voltage output in mV. 

Units: mV 

Range: 0to65,534mV 

Granularity: 0.2% of the DesignVoltage or better 

Invalid data indication: 65,535 indicates that the 
Smart Battery Charger should operate as a cur- 
rent source outside its maximum regulated voltage 
range. 
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BatteryStatus() (0x16) 

This read-only word returns the battery status word. 

Output: unsigned integer. Returns the status reg- 
ister with alarm conditions bitmapped as shown in 
Table 5. 

Some of the BatteryStatus flags (Remaining_Capac- 
ity_Alarm and Remaining_Time_Alarm) are calculated 
based on current. See Table 8 and 9 for definitions. 


Table 5. Status Register 


Alarm Bits 

0x8000 

Over_Charged_Alarm 

0x4000 

Terminate_Charge_Alarm 

0x2000 

Reserved 

0x1000 

Over_Temp_Alarm 

0x0800 

Terminate_Discharge_Alarm 

0x0400 

Reserved 

0x0200 

Remaining_Capacity_Alarm 

0x0100 

Remaining_Time_Alarm 

Status Bits 

0x0080 

Initialized 

0x0040 

Discharging 

0x0020 

Fully_Charged 

0x0010 

Fully_Discharged 

Error Code 

0x0000- 

OxOOOf 

Reserved for error codes 


CycleCount() (0x17) 

This read-only word returns the number of charge/dis- 
charge cycles the battery has experienced. A charge/dis- 
charge cycle starts from a base value equivalent to the 
battery's state-of-charge on completion of a charge cycle. 
The bq2040 increments the cycle counter during the cur- 
rent charge cycle if the battery has been discharged 15% 
below the state-of-charge at the end of the last charge cy- 
cle. This prevents false reporting of small charge/discharge 
cycles. The cycle count is stored in EEPROM within 
400ms of an update. 

Output: unsigned integer. Returns the count of 
charge/discharge cycles the battery has 
experienced. 

Units: cycles 
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Table 6. Bit Descriptions for FLAGS1 and FLAGS2 



(MSB) 7 

6 

5 

4 

3 

2 

1 

0 (LSB) 

FLAGS2 

DMODE 

PSTAT 

CHM 

CC 

- 

OV 

LTF 

oc 

FLAGS 1 

AT/At 

Imin 

VQ 

- 

VDQ 

OVLD 

EDV1 

EDVF 


Note: - = Reserved 

Range: 0 to 65,535 cycles; 65,535 indicates battery 
has experienced 65,535 or more cycles. 

Granularity: 1 cycle 

DesignCapacity() (0x18) 

This read-only word returns the theoretical capacity of a 
new pack. The DesignCapacity value is expressed in 
mAh at the nominal discharge rate. 

Output: unsigned integer. Returns the battery ca- 
pacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 

DesignVoltage() (0x19) 

This read-only word returns the theoretical voltage of 
a new pack in mV. 

Output: unsigned integer. Returns the battery's 
normal terminal voltage in mV. 

Units: mV 

Range: 0 to 65,535mV 

Specif icationlnfo() (0x1 a) 

This read-only word returns the specification re- 
vision the bq2040 supports. 

ManufactureDate() (0x1 b) 

This read-only word returns the date the cell was manu- 
factured in a packed integer word. The date is packed 
as follows: (year - 1980) * 512 + month * 32 + day. 


Field 

Bits 

Used 

Format 

Allowable Value 

Day 

0-4 

5-bit binary 
value 

1-31 (corresponds to 
date) 

Month 

5-8 

4-bit binary 
value 

1-12 (corresponds to 
month number) 

Year 

9-15 

7-bit binary 
value 

0-127 (corresponds to 
year biased by 1980) 


SerialNumber() (0x1 c) 

This read-only word returns a serial number. This 
number, when combined with the ManufacturerName, 
the DeviceName, and the ManufactureDate, uniquely 
identifies the battery. 

Output: unsigned integer 

ManufacturerName() (0x20) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 11. The character string con- 
tains the battery manufacturer's name. For example, 
“Benchmarq” identifies the battery pack manufacturer as 
Benchmarq. 

Output: string or ASCII character string 

DeviceName() (0x21) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 7. The 7-byte character string 
contains the battery's name. For example, a DeviceName of 
“bq2040” indicates that the battery is a model bq2040. 

Output: string or ASCII character string 

DeviceChemistryO (0x22) 

This read-only string returns a character string where 
the first byte is the number of characters available. The 
maximum number of characters is 5. The 5-byte charac- 
ter string contains the battery's chemistry. For example, 
if the DeviceChemistry function returns “NiMH,” the 
battery pack contains nickel-metal hydride cells. 

Output: string or ASCII character string 

ManufacturerData() (0x23) 

This read-only string allows access to an up to 5-byte 
manufacturer data string. 

Output: block data — data whose meaning is as- 
signed by the Smart Battery's manufacturer. 
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End of Discharge Voltagel (0x3e) 

This read-only word returns the first end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. 
Returns battery end-of-discharge voltage pro- 
grammed in EEPROM in mV. 

End of Discharge VoltageF (0x3f) 

This read-only word returns the final end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. 
Returns battery final end-of-discharge voltage pro- 
grammed in EEPROM in mV. 

FLAGS1 &2() (0x2f) 

This read-only register returns an unsigned integer rep- 
resenting the internal status registers of the bq2040. 
The MSB represents FLAGS2, and the LSB represents 
FLAGS 1. See Table 6 for the bit description for FLAGS 1 
and FLAGS2. 

FLAGS2 

The Display Mode flag (DMODE), bit 7 determines 
whether the bq2040 displays Relative or Absolute capac- 
ity. 

The DMODE value is: 


FLAGS2 Bits 

7 

6 1 5 

4 

o 

T— 

04 

CO 

DMODE - 

- 

_ 

- 


Where DMODE is: 

0 Selects Absolute display 

1 Selects Relative display 

Bit 6 reflects the high/low state of PSTAT. PSTAT >1.5V 
generates a charge suspend condition. 

The PSTAT value is: 


FLAGS2 Bits 

7 

6 1 5 1 4 I 3 

2 

1 1 0 

- 

PSTAT 

- 

- 

- 

- 


Where PSTAT is: 

0 PSTAT input < 1.0V 

1 PSTAT input > 1.5V 

The Chemistry flag (CHM), bit 5, selects Li-Ion or nickel 
compensation factors. 
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The CHM value is: 


FLAGS2 Bits 

7 1 6 

5 

4 1 3 

2 

1 

0 

- 

- 

CHM 

- 

- 

- 

- 


Where CHM is: 

0 Selects Nickel 

1 Selects Li-Ion 

Bit 4, the Charge Control flag (CC), determines whether 
a bq2040-based charge termination will set RM to a 
user-defined programmable full charge capacity. 

The CC value is: 


FLAGS2 Bits 

7 

6 

5 4 

3 

2 1 1 1 0 


- 

CC 

- 

- 

- 

- 


Where CC is: 

0 RM is not modified on valid bq2040 
charge termination 

1 RM is set to a programmable percentage of 
the FCC when a valid bq2040 charge termi- 
nation occurs 

Bit 3 is reserved. 

Bit 2, the Overvoltage flag (OV), is set when the bq2040 
detects a pack voltage 5% greater than the programmed 
charging voltage. This bit is cleared when the pack volt- 
age falls 5% below the programmed charging voltage. 


The OV value is: 


! FLAGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

OV 

- 

- 


Where OV is: 

0 Voltage < 1.05 * ChargingVoltage 

1 Voltage > 1.05 * ChargingVoltage 

Bit 1, the Low Temperature Fault flag (LTF), is set when 
Temperature is < 12°C and cleared when Temperature 
is > 15°C. 

The LTF value is: 


FLAGS2 Bits 1 

7 

6 

5 4 3 

2 

! i 

0 

- 

- 

- |. - 

- 

LTF 

- 
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Where LTF is: 

0 Temperature > 15°C 

1 Temperature < 12°C 

Bit 0, the Overcurrent flag (OC), is set when Current is 
25% greater than the programmed charging current. If 
the charging current is programmed less than 1024mA, 
overcurrent is set if Current is 256mA greater than the 
programmed charging current. This flag is cleared when 
Current falls below 256mA. 


The OC value is: 


FLAGS2 Bits 

7 

6 

5 1 4 

3 

2 

1 

0 

- 

- 



- 

- 

OC 


The Imin value is: 

Where Imin is: 

0 A valid current taper termination condition 
is not present. 

1 Valid current taper termination condition 
detected. 

The Valid Charge flag (VQ), bit 5, is set when Vsro > 
| Vsrd | and lOmAh of charge has accumulated. This bit 
is cleared during a discharge and when Vsro ^ | Vsrd | . 


FLAGS1 Bits 


7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

VQ 

- 

- 

- 

- 

- 


Where OC is: 

0 Current is less than 1.25 * ChargingCur- 
rent or less than 256mA if charging current 
is programmed less than 1024mA 

1 Current exceeds 1.25 * ChargingCurrent or 
256mA if the charging current is pro- 
grammed less than 1024mA. This bit is 
cleared if Current < 256mA. 

FLAGS1 

Bits 7 indicates that a AT/At termination condition 
exists. 


The AT/At value is: 


FLAGS1 Bits 

7 

6 1 5 1 4 

3 

2 

1 

0 

Am 

_ 

- 

- 

- 


Where AT/At is: 

0 The AT/At rate drops below the pro- 
grammed rate. 

1 The AT/At rate exceeds the programmed 
rate. 

Bit 6 indicates that a current taper termination condi- 
tion exists. 


FLAGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

Imin 

- 

- 

- 

- 

- 

- 


The VQ value is: 

Where VQ is: 

0 Vsro < | Vsrd | 

1 Vsro ^ | Vsrd | and lOmAh of charge has 
accumulated 

Bit 4 is reserved. 

The Valid Discharge flag (VDQ), bit 3, is set when a 
valid discharge is occurring (discharge cycle valid for 
learning new full charge capacity) and cleared if a par- 
tial charge is detected, EDV1 is asserted when T < 0°C, 
or self-discharge accounts for more than 256mAh of the 
discharge. 


FLAGS1 Bits 1 

7 

6 5 

4 

3 

2 

1 

0 


- 

- 

VDQ 

- 

- 

- 


The VDQ value is: 

Where VDQ is: 

0 Self-discharge is greater than 256mAh, 

EDV1 = 1 when T < 0°C or VQ = 1 

1 On first discharge after RM=FCC 

The Overload flag (OVLD), bit 2, is set when the dis- 
charge current is greater than the programmed rate and 
cleared when the discharge current falls below the pro- 
grammed rate. 


FLAGS1 Bits 

7 

6 

5 

4 

3 

2 

1 0 

- 

- 

- 

- 

OVLD 

: - 
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The OVLD value is: 

Where OVLD is: 

0 Current < programmed rate 

1 Current > programmed rate 

The First End-of -Discharge Voltage flag (EDV1), bit 1, is 
set when Voltage < EDV1 and OVLD = 0 and cleared 
when VQ = 1 and Voltage > EDV1. 


FLAGS1 Bits ! 

7 

6 

5 

4 3 

2 1 

0 

- 

- 

- 

EDV1 

- 


The EDV1 value is: 

Where EDV1 is: 

0 VQ = 1 and Voltage > EDV1 

1 Voltage < EDV1 and OVLD = 0 

The Final End-of-Discharge Voltage flag (EDVF), bit 0, is 
set when Voltage < EDVF and OVLD = 0 and cleared 
when VQ = 1 and Voltage > EDVF. 


FLAGS1 Bits 

7 

6 

5 

4 

3 2 

1 

0 

- 

- 

- 

- 

- 

- 

EDVF 


The EDVF value is: 

Where EDVF is: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and OVLD = 0 

Error Codes and Status Bits 

Error codes and status bits are listed in Table 8 and Ta- 
ble 9, respectively. 


SBD Seal 

The bq2040 address space can be “locked” to enforce the 
SBS specified access to each command code. To lock the 
address space, the bq2040 must be initialized with EE 
0x3 d set to bOh. Once this is done, only commands 
0x00-0x04 may be written. Attempting to write to any 
other address will cause a “no acknowledge” of the data. 
Reading will only be permitted from the command codes 
listed in the SBD specification plus the five locations 
designated as optional manufacturing functions 1-5 
(0x2f, 0x3c-0x3f). 

Programming the bq2040 

The bq2040 requires the proper programming of an ex- 
ternal EEPROM for proper device operation. Each mod- 
ule can be calibrated for the greatest accuracy, or gen- 
eral “default” values can be used. An EV2200-40 pro- 
gramming kit (interface board, software, and cable) for 
an IBM-compatible PC is available from Benchmarq. 

The bq2040 uses a 24LC01 or equivalent serial EE- 
PROM (capable of read operation to 2.0V) for storing the 
various initial values, calibration data, and string infor- 
mation. Table 1 outlines the parameters and addresses 
for this information. Tables 10 and 11 detail the various 
register contents and show an example program value 
for an 2400mAh 4-series Li-Ion battery pack, using a 
50mO sense resistor. 
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Table 8. Error Codes (BatteryStatusQ (0x16)) 


Error 

Code 

Access 

Description 

OK 

0x0000 

read/write 

bq2040 processed the function code without detecting any errors. 

Busy 

0x0001 

read/write 

bq2040 is unable to process the function code at this time. 

ReservedCommand 

0x0002 

read/write 

bq2040 cannot read or write the data at this time — try again 
later. 

UnsupportedCommand 

0x0003 

read/write 

bq2040 does not support the requested function code. 

AccessDenied 

0x0004 

write 

bq2040 detected an attempt to write to a read-only function 
code. 

Overflow/Underflow 

0x0005 

read/write 

bq2040 detected a data overflow or underflow. 

BadSize 

0x0006 

write 

bq2040 detected an attempt to write to a function code with an 
incorrect size data block. 

UnknownError 

0x0007 

read/write 

bq2040 detected an unidentifiable error. 


Note: Reading the bq2040 after an error clears the error code. 
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Table 9. BatteryStatus Bits 


Alarm Bits 

Bit Name 

Set When: 

Reset When: 

OVER_CHARGED_ALARM 

The bq2040 detects a AT/At or cur- 
rent taper termination. (Note: 

AT/At and current taper are valid 
charge terminations.) 

A discharge occurs or when the 

AT/At or current taper termination 
condition ceases during charge. 

TERMINATE_CHARGE_ALARM 

The bq2040 detects an over-current, 
over-voltage, over-temperature, 

AT/At, or current taper condition 
during charge. 

A discharge occurs or when all condi- 
tions causing the event cease. 

OVER_TEMP_ALARM 

The bq2040 detects that its internal 
temperature is greater than the pro- 
grammed value. 

Internal temperature falls to 43 °C or 
the maximum temperature threshold 
minus 5°C. 

TERMINATE_DISCHARGE_ALARM 

The bq2040 determines that it has 
supplied all the charge that it can 
without being damaged (Voltage < 
EDVF). 

Voltage > EDVF signifies that the 
battery has reached a state of charge 
sufficient for it to once again safely 
supply power. 

REMAINING_CAPACITY_ALARM 

The bq2040 detects that the Remain- 
ingCapacity is less than that set by 
the RemainingCapacityAlarm func- 
tion. 

Either the value set by the Remain- 
ingCapacityAlarm function is lower 
than the Remaining Capacity or the 
RemainingCapacity is increased by 
charging. 

REMAININ G_TIME_AL ARM 

The bq2040 detects that the esti- 
mated remaining time at the present 
discharge rate is less than that set 
by the RemainingTimeAlarm func- 
tion. 

Either the value set by the Remain- 
ingTimeAlarm function is lower than 
the AverageTimeToEmpty or a valid 
charge is detected. 

Status Bits 

Bit Name 

Set When: 

Reset When: 

INITIALIZED 

The bq2040 loads from the EEPROM 
(bit 7 set in EEOxOc). 

A bad EEPROM load is detected. 

DISCHARGING 

The bq2040 determines that it is not 
being charged. 

Battery detects that it is being 
charged. 

FULLY_CHARGED 

The bq2040 determines a valid 
charge termination or a maximum 
overcharge state. 

RM discharges below the full charge 
percentage. 

FULLY.DISCHARGED 

bq2040 determines that it has 
supplied all the charge that it can 
without being damaged. 

RelativeStateOfCharge is greater 
than or equal to 20% 
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Table 1 0. Example Register Contents 


Description 

EEPROM 

Address 

EEPROM 
Hex Contents 

Example 

Values 

Notes 

Low 

Bvte 

High 

Bvte 

Low 

Bvte 

High 

Bvte 

EEPROM 

length 

0x00 


64 


100 

Must be equal to 0x64. 

EEPROM check 1 

0x01 


5b 


91 

Must be equal to 0x5b. 

Remaining time 
alarm 

0x02 

0x03 

Oa 

00 

10 minutes 

Sets the low time alarm level. 

Remaining 
capacity alarm 

0x04 

0x05 

fD 

00 

240mAh 

Sets the low capacity alarm level. 

Reserved 

0x06 

0x07 

00 

00 

0 

Not currently used by the bq2040. 

Initial charging 
current 

0x08 

0x09 

60 

09 

2400mA 

Sets the initial charge request. 

Charging voltage 

0x0a 

0x0b 

d8 

40 

16600mV 

Used to set the fast-charge voltage for the Smart 
Charger. 

Battery status 

0x0c 

OxOd 

80 

00 

128 

Initializes Battery Status. 

Cycle count 

OxOe 

OxOf 

00 

00 

0 

Contains the charge cycle count and can be set to zero 
for a new battery. 

Design capacity 

0x10 

Oxll 

60 

09 

2400mAh 

Normal battery pack capacity. 

Design voltage 

0x12 

0x13 

40 

38 

14400mV 

Nominal battery pack voltage. 

Specification 

information 

0x14 

0x15 

10 

00 

1.0 

Default value for this register in a 1.0 part. 

Manufacture 

date 

0x16 

0x17 

al 

20 

May 1, 1996 
= 8353 

Packed per the ManufactureDate description. 

Serial number 

0x18 

0x19 

12 

27 

10002 

Contains the optional pack serial number. 

Fast-charging 

current 

Oxla 

Oxlb 

60 

09 

2400mA 

Used to set the fast-charge current for the Smart 
Charger. 

Maintenance 
charge current 

Oxlc 

Ox Id 

00 

00 

OmA 

Contains the desired maintenance current after fast- 
charge termination by the bq2040. 

Reserved 

Oxle 

Ox If 

00 

00 

0 

Must be programmed to 0x00. 

Current 

overload 

0x2c 

0x2d 

70 

17 

6000mA 

Sets the discharge current at which EDV threshold 
monitoring is disabled. 

Battery low % 

0x2e 


08 


3% 

Sets the battery capacity that RemainingCapacity is 
reduced to at EDV1. The value equals 2.56 * (%RM at 
EDV1) 
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Table 10. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 

Hex 

Contents 

Example 

Values 

Notes 

Low 

Byte 

High 

Byte 

Low 

Byte 

High 

Byte 

Reserved 

0x2f 


00 


0 

Not currently used by the bq2040. 

Li-Ion taper 
current 

0x38 

0x39 

10 

ff 

240mA 

Sets the upper taper limit for Li-Ion charge termina- 
tion. Stored in 2’s complement. 

Maximum 

overcharge 

limit 

0x3a 

0x3b 

9c 

ff 

lOOmAh 

Sets the maximum amount of overcharge before a 
maximum overcharge charge suspend occurs. 

Stored in 2’s complement. 

Reserved 

0x3c 


00 


0 

Must be programmed to 0. 

Access protect 

0x3d 


bO 


SBD access only 

If the bq2040 is reset and bit 3 of this location is 0, the 
bq2040 locks access to any command outside of the SBS 
data set. Program to 0xb8 for full R/W access, OxbO for 
SBD access only. 

FLAGS 1 

0x3e 


00 


0 

Initializes FLAGS 1 

FLAGS2 

0x3f 


bO 


Relative display 
Li-Ion chemistry 
bq2040 charge 
control 

Initializes FLAGS2. 

Current 

measurement 

gain 1 

0x46 

0x47 

00 

Of 

3840 

The current gain measurement and current integra- 
tion gain are related and defined for the bq2040 cur- 
rent measurement. This word equals 192/sense re- 
sistor value in ohms. 

Battery voltage 
offset 1 

0x48 


fe 


-2mV 

Used to adjust the battery voltage offset according to 
the following: 

Voltage = (VsB(mV) + Voff) * Voltage gain 

Temperature 

offset 1 

0x49 


8a 


13.8°C 

The default value (zero adjustment) for the offset is 
12.8°C or 0x80. 

TOFFnew = TOFFcurrent + 

(TEMPactual - TEMPreported)* 10 

Maximum 
temperature 
and AT step 

0x4a 


5f 


Maximum 
temperature = 
61.0°C 

AT step = 4.6°C 

Maximum charge temperature is 69- (mt * 1.6)°C (mt 
= upper nibble). The AT step is (dT * 2 + 16)/10°C 
(dT = lower nibble). 

Charge 

efficiency 

0x4b 


ff 


Maintenance 
compensation = 
100% 

Fast compensa- 
tion = 100% 

Sets the fast-charge (high) and maintenance charge 
(low) efficiencies. The upper nibbles sets the low effi- 
ciency and the lower nibble adjusts the high effi- 
ciency according to the equation: 

Nibble = (efficiency% * 256 - 196)/4 

Full-charge 

percentage 

0x4c 


9c 


100% 

This packed field is the two’s complement of the de- 
sired value in RM when the bq2040 determines a 
full-charge termination. If RM is below this value, 

RM is set to this value. If RM is above this value, 
then RM is not adjusted. 


Note: 1 . Can be adjusted to calibrate the battery pack. 
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Table 10. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 

Hex 

Contents 

Example 

Values 

Notes 

Low 

Byte 

High 

Byte 

Low 

Byte 

High 

Byte 

Digital filter 

0x4d 


96 


0.30mV 

Used to set the digital magnitude filter as described in 
Table 2. 

Current integra- 
tion gain 1 

0x4e 


40 

0 

3.2/0.05 

Represents the following: 3.2/sense resistor in ohms. 

It is used by the bq2040 to scale the measured voltage 
values on the SR pin in mA and mAh. This register 
also compensates for variations in the reported sense 
resistor value. 

Self-discharge rate 

0x4f 


2d 


0.25% 

This packed field is the two’s complement of (52.73/x) 
where x is the desired self-discharge rate per day (%) 
at room temperature. 

Voltage gain 1 

0x56 

0x57 

17 

07 

7.09 

Voltage gain is packed as two units. For example, (R4 
+ R5)/R4 = 7.09 would be stored as: whole number 
stored in 0x57 as 7 and the decimal component stored 
in 0x56 as 256 x 0.09 = 23(= 17h). 

Reserved 

0x58 

0x59 

00 

00 

0 

Should be programmed to 0. 

EDVF charging 
current 

0x5a 

0x5b 

64 

00 

100mA 

Contains the desired charge current below EDVF. 

End of discharge 
voltage 1 

0x5c 

0x5d 

20 

dl 

12000mV 

The value programmed is the two’s complement of the 
threshold voltage in mV. 

End-of-discharge 
voltage final 

0x5e 

0x5f 

40 

d4 

11200mV 

The value programmed is the two’s complement of the 
threshold voltage in mV. 

Full charge 
capacity 

0x60 

0x61 

dO 

07 

2000mA 

This value sets the initial estimated pack capacity. 

At step 

0x62 


Of 


20s 

The At step for AT/At termination equals 

320 - (byte value * 20). 

Hold-off time 

0x63 


00 


320s hold-off 

The hold-off time is 320 - (byte value * 20). 

EEPROM check 2 

0x64 


b5 


181 

Must be equal to 0xb5. 

Reserved 

0x65 

0x7f 



NA 

Not currently used by the bq2040. 


Note: 


1. Can be adjusted to calibrate the battery pack. 
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Table 11. Example Register Contents (String Data) 


String Description 

Address 

Ox 

XO 

Ox 

XI 

Ox 

X2 

Ox 

X3 

Ox 

X4 

Ox 

X5 

Ox 

X6 

Ox 

X7 

. 

Ox 

X8 

Ox 

X9 

Ox 

Xa 

Ox 

Xb 

Manufacturer name 

0x20- 

0x2b 

09 

42 

B 

45 

E 

4e 

N 

43 

C 

48 

H 

4d 

M 

41 

A 

52 

R 

51 

Q 

- 

- 

Device name 

0x30- 

0x37 

06 

42 

B 

51 

Q 

32 

2 

30 

0 

34 

4 

30 

0 

- 





Device chemistry 

0x40- 

0x45 

04 

6c 

L 

69 

I 

4f 

0 

4e 

N 

- 







Manufacturer data 

0x50- 

0x55 

05 

42 

B 

51 

Q 

32 

2 

30 

0 

32 

2 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by Rll (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

+7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery. 

Topr 

Operating tempera- 
ture 

0 

+70 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to s.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Evsb 

Battery voltage error relative to SB 

-50mV 

- 

50mV 

V 

See note 


Note: The accuracy of the voltage measurement may be improved by adjusting the battery voltage offset and 

gain, stored in external EEPROM. For best operation, Vcc should be 1.5V greater than Vsb. 
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Recommended DC Operating Conditions (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MO 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

pA 

Vcc = 3.0V 

- 

120 

180 

pA 

Vcc = 4.25V 

- 

170 

250 

pA 

Vcc = 5.5V 

VSB 

Battery input 

0 

- 

Vcc 

V 


RsBmax 

SB input impedance 

10 

- 

- 

MQ 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

liA 

Vdisp = Vss 

Ilvout 

Vout output leakage 

-0.2 

- 

0.2 

pA 

EEPROM off 

VSR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

MQ 

-200mV < Vsr < Vcc 

Vih 

Logic input high 

0.5 * Vcc 

- 

Vcc 

V 

ESCL, ESDA 

1.4 

- 

5.5 

V 

SMBC, SMBD 

VlL 

Logic input low 

0 

- 

0.3 * Vcc 

V 

ESCL, ESDA 

-0.5 


0.6 

V 

SMBC, SMBD 

VOL 

Data, clock output low 

- 

- 

0.4 

V 

I O L=350pA, SMBC, SMBD 

IOL 

Sink current 

100 

- 

350 

nA 

Vol<0.4V, SMBC, SMBD 

VoLSL 

LEDx output low, low Vcc 


0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
LED 1 -LED 4 

VoLSH 

LEDx output low, high Vcc 


0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11 . 0 mA 
LED 1 -LED 4 

VoHVL 

Vout output, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Ivout = -5.25mA 

VoHVH 

Vout output, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc = 6.5V, Ivout - -33.0mA 

IVOUT 

Vout source current 

-33 

- 

- 

mA 

At Vohvh = Vcc - 0.6V 

IOLS 

LEDx sink current 

11.0 

- 


mA 

At Volsh = 0.4V 


Note: All voltages relative to Vss* 
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AC Specifications 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

Fsmb 

SMBus operating frequency 

10 

100 

KHz 


Tbuf 

Bus free time between stop and 
start condition 

4.7 


M-S 


ThD:STA 

Hold time after (repeated) start 
condition 

4.0 


ps 


TsU:STA 

Repeated start condition setup time 

4.7 


ps 


TsU:STO 

Stop condition setup time 

4.0 


ps 


ThD:DAT 

Data hold time 

300 


ns 


TsU:DAT 

Data setup time 

250 


ns 


Tlow 

Clock low period 

4.7 


ps 


Thigh 

Clock high period 

4.0 


ps 


Tf 

Clock/data fall time 


300 

ns 


Tr 

Clock/data rise time 


1000 

ns 


TlOW:SEXT 

Cumulative clock low extend time 
(slave) 


25 

ms 


Ttimeout 


25 

35 

ms 



Bus Timing Data 
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Data Sheet Revision History 


Change No. 

Page No. 

Description of Change 

3 

3 

Updated recommended application schematic. 

3 

9 

Changed overcurrent fault conditon for ChargingCurrent < 1024mA. 

3 

10 

4Hz operation of LED clarification. 

3 

11 

Added descriptions for bits 7 and 13 of BatteryMode. 

3 

14 

AtRateTimeToEmpty and AtRateTimeToFull invalid data indication correction. 

3 

15, 16 

RunTimeToEmpty, AverageTimeToEmpty and AverageTimeToFull invalid data 
indication corrections. 

3 

23 

Changed typical Battery low % value for Li-Ion with EDV1 = 3.0V/cell. 

3 

24 

Li-Ion taper current is stored in 2’s complement. 

3 

24 

Changed typical AT step and Full-charge percentage for Li-Ion. 

3 

25 

Voltage gain is (R4 + R5)/R4. 

3 

25 

Changed typical EDV1 and EDVF values for Li-Ion. 

4 

6 

Added Vsb should not exceed 2.4V 

4 

8 

The self discharge rate approximately doubles or halves 

4 

11 

Changed cycle count increase from 30 to 32 for condition request. 

4 

14 

Changed AtRateOKO indication from EDV1 to EDVF 

4 

25 

Changed self-discharge programming from 52.75/x to 52.73/x. 

4 

25 

Changed recommended EDVF charging current from 0mA to 100mA 


Notes: Changes 1 and 2 refer to the 1998 Data Book 

Change 3 = Junel998 D changes from Jan. 1998 C. 
Change 4 = June 1999 E changes from June 1998 D. 


Ordering Information 

bq2040 

_ Temperature Range: 

blank = Commercial (0 to 70°C) 


— Package Option: 

SN = 16-pin narrow SOIC 


— Device: 

bq2040 Gas Gauge IC With SMBus Interface 
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UIMITRODE 


bq2050 

Lithium Ion Power Gauge™ 1C 


Features 

> Conservative and repeatable 
measurement of available capac- 
ity in Lithium Ion rechargeable 
batteries 

> Designed for battery pack inte- 
gration 

- 120jiA typical operating 
current 

- Small size enables imple- 
mentations in as little as y 2 
square inch of PCB 

> Integrate within a system or as a 
stand-alone device 

- Display capacity via single- 
wire serial communication 
port or direct drive of LEDs 

>• Measurements compensated for 
current and temperature 

>■ Self-discharge compensation us- 
ing internal temperature sensor 

>• 16-pin narrow SOIC 


General Description 

The bq2050 Lithium Ion Power 
Gauge™ IC is intended for battery- 
pack or in-system installation to 
maintain an accurate record of 
available battery capacity. The IC 
monitors a voltage drop across a 
sense resistor connected in series 
between the negative battery termi- 
nal and ground to determine 
charge and discharge activity of 
the battery. Compensations for bat- 
tery temperature and rate of charge 
or discharge are applied to the 
charge, discharge, and self-discharge 
calculations to provide available ca- 
pacity information across a wide 
range of operating conditions. Bat- 
tery capacity is automatically recali- 
brated, or “learned,” in the course of 
a discharge cycle from full to empty. 

Nominal available capacity may be 
directly indicated using a five- 
segment LED display. These seg- 
ments are used to graphically indi- 
cate available capacity. The bq2050 


supports a simple single-line bidi- 
rectional serial link to an external 
processor (common ground). The 
bq2050 outputs battery information 
in response to external commands 
over the serial link. 


The bq2050 may operate directly 
from one cell (Vbat > 3V). With the 
REF output and an external transis- 
tor, a simple, inexpensive regulator . 

can be built for systems with more 
than one series cell. 


Internal registers include available 
capacity, temperature, scaled avail- 
able energy, battery ID, battery 
status, and programming pin set- 
tings. To support subassembly test- 
ing, the outputs may also be con- 
trolled. The external processor may 
also overwrite some of the bq2050 
power gauge data registers. 


Pin Connections 




■ry 


LCOM Q 

1 

16 

□ V CC 

SEG1/PROG1 Q 

2 

15 

22 REF 

SEG2/PROG2 \Z 

3 

14 

22 N/C 

SEG3/PROG3 \2 

4 

13 

22 DQ 

SEG4/PROG4 \22 

5 

12 

2] RBI 

SEG5/PROG5 \Z_ 

6 

11 

22 SB 

prog 6 c 

7 

10 

22] disp 

V SS[I 

8 

9 

22\ sr 

16-Pin Narrow SOIC 
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Pin Names 

LCOM 

LED common output 

SEG 1 /PROG 1 

LED segment 1/ 
program 1 input 

SEG 2 /PROG 2 

LED segment 2/ 
program 2 input 

SEG 3 /PROG 3 

LED segment 3/ 
program 3 input 

SEG 4 /PROG 4 

LED segment 4/ 
program 4 input 

SEG 5 /PROG 5 

LED segment 5/ 
program 5 input 

prog 6 

Program 6 input 


REF 

Voltage reference output 

N/C 

No connect 

DQ 

Serial communications 
input/output 

RBI 

Register backup input 

SB 

Battery sense input 

DISP 

Display control input 

SR 

Sense resistor input 

Vcc 

3. 0-6.5 V 

Vss 

System ground 
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Pin Descriptions 

LCOM LED common output 

Open-drain output switches Vcc to source 
current for the LEDs. The switch is off dur- 
ing initialization to allow reading of the soft 
pull-up or pull-down program resistors. 
LCOM is also high impedance when the dis- 
play is off. 

SEGi- LED display segment outputs (dual func- 

SEG 5 tion with PROGi-PROG 6 ) 

Each output may activate an LED to sink 
the current sourced from LCOM. 

PROGi- Programmed full count selection inputs 
PROG2 (dual function with SEG1-SEG2) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Power gauge rate selection inputs (dual 

PROG4 function with SEG3-SEG4) 

These three-level input pins define the scale 
factor described in Table 2. 

PROG5 Self-discharge rate selection (dual func- 
tion with SEG5) 

This three-level input pin defines the 
selfdischarge and battery compensation fac- 
tors as shown in Table 1. 

PROG 6 Capacity initialization selection 

This three-level pin defines the battery state 
of charge at reset as shown in Table 1. 

N/C No connect 


SR Sense resistor input 

The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied between the nega- 
tive terminal of the battery and the sense re- 
sistor. Vsr < Vss indicates discharge, and Vsr 
> Vss indicates charge. The effective voltage 
drop, Vsro, as seen by the bq2050 is Vsr + 
Vos. 

DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc allows PROGx to connect directly 
to Vcc or Vss inste ad of t hrough a pull-up or 
pull-down resistor. DISP floating allows the 
LED display to be active during charge. 
DISP low activates the display. See Table 1. 

SR Secondary battery input 

This input monitors the battery cell voltage 
potential through a high-impedance resis- 
tive divider network for end-of-discharge 
voltage (EDV) thresholds, and battery re- 
moved. 

RBI Register backup input 

This pin is used to provide backup potential to 
the bq2050 registers during periods when 
Vcc ^ 3V. A storage capacitor or a battery 
can be connected to RBI. 

DQ Serial I/O pin 

This is an open-drain bidirectional pin. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 

Vss Ground 
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Functional Description 


scaled available energy measurement is corrected for 
the environmental and operating conditions. 


General Operation 

The bq2050 determines battery capacity by monitor- 
ing the amount of current input to or removed from a 
rechargeable battery. The bq2050 measures dis- 
charge and charge currents, measures battery volt- 
age, estimates self-discharge, monitors the battery 
for low battery voltage thresholds, and compensates 
for temperature and charge/discharge rates. The cur- 
rent measurement is made by monitoring the voltage 
across a small-value series sense resistor between the 
negative battery terminal and ground. The estimate of 
scaled available energy is made using the remaining 
average battery voltage during the discharge cycle 
and the remaining nominal available charge. The 


Figure 1 shows a typical battery pack application of the 
bq2050 using the LED display capability as a charge- 
state indicator. The bq2050 is configured to display ca- 
pacity in relative display mode. The relative display 
mode uses the last measured discharge capacity of the 
battery as the battery “full” reference. A push-button 
display feature is available for momentarily enabling 
the LED display. 

The bq2050 monitors the charge and discharge currents 
as a voltage across a sense resistor (see Rs in Figure 1). 
A filter between the negative battery terminal and the 
SR pin may be required if the rate of change of the bat- 
tery current is too great. 




Programming resistors (6 max.) and ESD-protection diodes are not shown. 


R-C on SR may be required, application-specific. 

A series Zener may be used to limit discharge current at low voltages 

in designs using 3 or more cells. FG205001.eps 


Figure 1. Battery Pack Application Diagram — LED Display 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2050 monitors the battery potential 
through the SB pin. The voltage is determined through 
a resistor-divider network per the following equation: 

551 = 2N-1 
RB2 

where N is the number of cells, RBI is connected to the 
positive battery terminal, and RB2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV). 
EDV threshold levels are used to determine when the 
battery has reached an “empty” state. 

Two EDV thresholds for the bq2050 are programmable 
with the default values fixed at: 

EDV1 (early warning) = 1.52V 

EDVF (empty) = 1.47V 

If Vsb is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, independ- 
ent of Vsb, until the next valid charge. The Vsb value is 
also available over the serial port. 

During discharge and charge, the bq2050 monitors Vsr 
for various thresholds used to compensate the charge 
and discharge rates. Refer to the count compensation 
section for details. EDV monitoring is disabled if the 
discharge rate is greater than 2C (typical) and resumes 
y 2 second after the rate falls below 2C. 

RBI Input 

The RBI input pin is intended to be used with a storage ca- 
pacitor or external supply to provide backup potential to the 
internal bq2050 registers when Vcc drops below 3.0V. Vcc 
is output on RBI when Vcc is above 3.0V. A diode is re- 
quired to isolate the external supply. 

Reset 

The bq2050 can be reset either by removing Vcc and 
grounding the RBI pin for 15 seconds or by writing 0x80 
to register 0x39. 

Temperature 

The bq2050 internally determines the temperature in 
10°C steps centered from approximately -35°C to +85°C. 
The temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 
available charge display translation. The temperature 
range is available over the serial port in 10°C incre- 
ments as shown in the following table: 


TMP (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

>80°C 


Layout Considerations 

The bq2050 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (Cl and C2) should be placed as 
close as possible to the Vcc and SB pins, 
respectively, and their paths to Vss should be as 
short as possible. A high-quality ceramic capacitor 
of O.lpf is recommended for Vcc- 

■ The sense resistor capacitor should be placed as close 
as possible to the SR pin. 

■ The sense resistor (Rs) should be as close as possible to 
the bq2050. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2050. The bq2050 accumulates a 
measure of charge and discharge currents, as well as an 
estimation of self-discharge. Charge and discharge cur- 
rents are temperature and rate compensated, whereas 
self-discharge is only temperature compensated. 

The main counter, Nominal Available Capacity (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register (DCR) is used to update 
the Last Measured Discharge (LMD) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2050 adapts its capacity determination based on the 
actual conditions of discharge. 


The battery's initial capacity is equal to the Pro- 
grammed Full Count (PFC) shown in Table 2. Until 
LMD is updated, NAC counts up to but not beyond this 
threshold during subsequent charges. This approach al- 
lows the gas gauge to be charger-independent and com- 
patible with any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest 
measured capacity in the Discharge Count Register 
(DCR) representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a capac- 
ity transfer from the DCR to the LMD register. The 
LMD also serves as the 100% reference threshold 
used by the relative display mode. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 


Discharged 

(LMD) 


Qualified 

Transfer 


Register 

(DCR) 



L_ 




Temperature 

Translation 


i 


J 1 


Temperature Step, 
Other Data 


Compensated 
Available Charge 
LED Display, etc. 


Serial 

Port 


Figure 2. Operational Overview 
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2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PROG 1 -PROG 4 . The bq2050 is 
configured for a given application by selecting a 
PFC value from Table 2. The correct PFC may be 
determined by multiplying the rated battery capac- 
ity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (a) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity provides a conservative capacity reference until 
the bq2050 “learns” a new capacity reference. 


Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.05a 
Number of cells = 2 

Capacity = lOOOmAh, Li-Ion battery, coke-anode 
Current range = 50mA to 1A 
Relative display mode 
Serial port only 

Self-discharge = NA % 12 per day @ 25°C 

Voltage drop over sense resistor = 2.5mV to 50mV 

Nominal discharge voltage = 3.6V 

Therefore: 

lOOOmAh * 0.05a = 50mVh 


Table 1. bq2050 Programming 


Pin 

PROG5 Compensation/ 

PROG 6 

DISP 

Connection 

Self-Discharge 

NAC on Reset 

Display State 

H 

Table 4/Disabled 

PFC 

LEDs disabled 

z 

Table 4/ NA % 12 

0 

LEDs on when charging 

L 

Table 3/ na% 12 

0 

LEDs on for 4 sec. 


Note: PROG5 and PROG6 states are independent. 


Table 2. bq2050 Programmed Full Count mVh Selections 


PROGx 

Pro- 

grammed 

Full 

Count 

(PFC) 

PROG 4 = L 

PROG 4 = z 

Units 

1 

2 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

PROG3 = H 

PROG3 =Z 

PROG3 = L 

- 

- 

- 

SCALE = 
1/80 

SCALE = 
1/160 

SCALE = 
1/320 

SCALE = 
1/640 

SCALE = 
1/1280 

SCALE = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

VSR equivalent to 2 
counts/sec. (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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Select: 

PFC = 30720 counts or 48mVh 

PROGi = float 

PROG 2 = low 

PROG 3 = high 

PROG 4 = float 

PROG 5 = float 

PROG6 = float 

The initial full battery capacity is 48mVh (960mAh) 
until the bq2050 “learns” a new capacity with a 
qualified discharge from full to EDV1. 

3. Nominal Available Capacity (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self-dis- 
charge to 0. NAC is reset to 0 on initialization and on 
the first valid charge following discharge to EDV1. To 
prevent overstatement of charge during periods of 
overcharge, NAC stops incrementing when NAC = 
LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent of 
NAC and could continue increasing after NAC has 
decremented to 0. Prior to NAC = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After NAC = 0, only discharge increments the 
DCR. The DCR resets to 0 when NAC = LMD. The 
DCR does not roll over but stops counting when it 
reaches FFFFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to Vedvi if: 

No valid charge initiations (charges greater than 
256 NAC counts, where Vsro > Vsrq) occurred dur- 
ing the period between NAC = LMD and EDV1 de- 
tected. 

The self-discharge count is not more than 4096 
counts (8% to 18% of PFC, specific percentage 
threshold determined by PFC). 

The temperature is > 0°C when the EDV1 level is 
reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. 

5. Scaled Available Energy (SAE): 

SAE is useful in determining the available energy 
within the battery, and may provide a more useful 
capacity reference in battery chemistries with 
sloped voltage profiles during discharge. SAE may 
be converted to a mWh value using the following 
formula: 


E(mWh) = (SAEH * 256 + SAEL) * 

2.4 * SCALE * (R B1 + R B2 ) 

R s * R B2 

where Rbi, Rb 2 and Rs are resistor values in ohms. 
SCALE is the selected scale from Table 2. SAEH 
and SAEL are digital values read via DQ. 

6. Compensated Available Capacity (CAC) 

CAC counts similar to NAC, but contains the avail- 
able capacity compensated for discharge rate and 
temperature. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the Vsr input. If charge activity is detected, the 
bq2050 increments NAC at a rate proportional to Vsr and, 
if enabled, activates an LED display. Charge actions in- 
crement the NAC after compensation for temperature. 

The bq2050 determines charge activity sustained at a 
continuous rate equivalent to Vsro > Vsrq. A valid 
charge equates to sustained charge activity greater 
than 256 NAC counts. Once a valid charge is detected, 
charge counting continues until Vsro (Vsr + Vos) falls 
below Vsrq. Vsrq is 210|4V, and is described in the 
Digital Magnitude Filter section. 

Discharge Counting 

Discharge activity is detected based on a negative voltage 
on the Vsr input. All discharge counts where Vsro < Vsrd 
cause the NAC register to decrement and the DCR to 
increment. Vsrd is -200|_iV, and is described in the 
Digital Magnitude Filter section. 

Self-Discharge Estimation 

The bq2050 continuously decrements NAC and increments 
DCR for self-discharge based on time and temperature. The 
self-discharge count rate is programmed to be a nominal 
y 51 2 * NAC per day or disabled. This is the rate for a bat- 
tery whose temperature is between 20°-30°C. The NAC 
register cannot be decremented below 0. 

Count Compensations 

Discharge Compensation 

Corrections for the rate of discharge, temperature, and anode 
type are made by adjusting an internal compensation factor. 
This factor is based on the measured rate of discharge of the 
batteiy. Tables 3A and 3B outline the correction factor typi- 
cally used for graphite anode Ii-Ion batteries, and Tables 4A 
and 4B outline the factors typically used for coke anode 
Li-Ion batteries. The compensation factor is applied to 
CAC and is based on discharge rate and temperature. 
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Table 3A. Graphite Anode 


Approximate 
Discharge Rate 

Discharge 

Compensation 

Factor 

Efficiency 

< 0.5C 

1.00 

100% 

> 0.5C 

1.05 

95% 


Charge Compensation 


The bq2050 applies the following temperature compen- 
sation to NAC during charge: 


Temperature 

Temperature 

Compensation 

Factor 

Efficiency 

< 10°C 

0.95 

95% 

>10°C 

1.00 

100% 


Table 3B. Graphite Anode 


Temperature 

Temperature 

Compensation 

Factor 

Efficiency 

> 10°C 

1.00 

100% 

0°C to 10°C 

1.10 

90% 

-10°C to 0°C 

1.35 

74% 

< -10°C 

2.50 

40% 


Table 4 A. Coke Anode 


Approximate 
Discharge Rate 

Discharge 

Compensation 

Factor 

Efficiency 

<0.5C 

1.00 

100% 

> 0.5C 

1.15 

86% 


This compensation applies to both types of Li-Ion cells. 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of y 512 * NAC per day. This is the rate for a 
battery within the 20°C-30°C temperature range. This 
rate varies across 8 ranges from < 10°C to > 70°C, chang- 
ing with each higher temperature (approximately 10°C). 
See Table 5 below: 


Table 5. Self-Discharge Compensation 


Temperature Range 

Typical Rate 

PROGs = Z or L 

< 10°C 

NAC /2048 

10-20°C 

NA 7l024 

20-30°C 

na % 2 

30-40°C 

NA %6 

40-50°C 

NAC /l 2 8 

50-60°C 

NAC/ 

/ 64 

60-70°C 

NAC / 3 2 

> 70°C 

NA % 


Self-discharge may be disabled by connecting PROG5 = H. 


Table 4B. Coke Anode 


Temperature 

Temperature 

Compensation 

Factor 

Efficiency 

> 10°C 

1.00 

100% 

0°C to 10°C 

1.25 

80% 

-10°C to 0°C 

2.00 

50% 

< -10°C 

8.00 

12% 


Digital Magnitude Filter 

The bq2050 has a digital filter to eliminate charge and dis- 
charge counting below a set threshold. The bq2050 setting 
is 200pV for Vsrd and 210pV for Vsrq. 
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Table 6. bq2050 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated (see the 
DCR description on page 7). The other cause of LMD er- 
ror is battery wear-out. As the battery ages, the meas- 
ured capacity must be adjusted to account for changes in 
actual battery capacity. 

A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description) and is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been up- 
dated following 64 valid charges. 

Current-Sensing Error 

Table 5 illustrates the current-sensing error as a func- 
tion of Vsro- A digital filter eliminates charge and dis- 
charge counts to the NAC register when Vsro is between 
VsRQandVsRD. 

Communicating With the bq2050 

The bq2050 includes a simple single-pin (DQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2050 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain DQ pin on 
the bq2050 should be pulled up by the host system, or may 
be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2050. 
The command directs the bq2050 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of 


eight bits that have a maximum transmission rate of 
333 bits/sec. The least-significant bit of a command or 
data byte is transmitted first. The protocol is simple 
enough that it can be implemented by most host proces- 
sors using either polled or interrupt processing. Data 
input from the bq2050 may be sampled using the pulse- 
width capture timers available on some microcontrol- 
lers. 

If a communication error occurs, e.g. tcYCB > 6ms, the 
bq2050 should be sent a BREAK to reinitiate the serial 
interface. A BREAK is detected when the DQ pin is 
driven to a logic-low state for a time, tB or greater. The 
DQ pin should then be returned to its normal ready- 
high logic state for a time, tBR. The bq2050 is now ready 
to receive a command from the host processor. 

The return-to-one data bit frame consists of three dis- 
tinct sections. The first section is used to start the 
transmission by either the host or the bq2050 taking the 
DQ pin to a logic-low state for a period, tsTRH,B* The 
next section is the actual data transmission, where the 
data should be valid by a period, tpsu, after the negative 
edge used to start communication. The data should be 
held for a period, tDV, to allow the host or bq2050 to 
sample the data bit. 

The final section is used to stop the transmission by re- 
turning the DQ pin to a logic-high state by at least a pe- 
riod, tssu, after the negative edge used to start commu- 
nication. The final logic-high state should be held until 
a period, tsv, to allow time to ensure that the bit trans- 
mission was stopped properly. The timings for data and 
break communication are given in the serial communi- 
cation timing specification and illustration sections. 

Communication with the bq2050 is always performed with 
the least-significant bit being transmitted first. Figure 3 
shows an example of a communication sequence to read 
the bq2050 NAC register. 
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Written by Host to bq2050 1 Received by Host to bq2050 

CMDR = 03h 1 

i 

NAC = 65h 

1 

LSB MSB | LSB 

MSB 

Break 11000000 1 0 1 0 0 1 1 0 

Donjiiuuuumriiji 

flfUlflfU 


TD205002.eps 


Figure 3. Typical Communication With the bq2050 


bq2050 Registers 

The bq2050 command and status registers are listed in 
Table 7 and described below. 

Command Register (CMDR) 

The write-only CMDR register is accessed when eight 
valid command bits have been received by the bq2050. 
The CMDR register contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command register is used to select whether 
the received command is for a read or a write function. 

The W/R values are: 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 


0 The bq2050 outputs the requested register con- 
tents specified by the address portion of CMDR. 

1 The following eight bits should be written 
to the register specified by the address por- 
tion of CMDR. 

The lower seven-bit field of CMDR contains the address 
portion of the register to be accessed. Attempts to write 
to invalid addresses are ignored. 


CMDR Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 
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Primary Status Flags Register (FLGS1) 

The read-only FLGS1 register (address=01h) contains 
the primary bq2050 flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when Vsro > Vsrq. A Vsro of less than Vsrq or 
discharge activity clears CHGS. 

The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


Where CHGS is: 


0 Either discharge activity detected or Vsro < 

Vsrq 

1 Vsro > Vsrq 

The battery replaced flag (BRP) is asserted whenever 
the bq2050 is reset either by application of Vcc or by a 
serial port command. BRP is reset when either a valid 
charge action increments NAC to be equal to LMD, or a 
valid charge action is detected after the EDV1 flag is as- 
serted. BRP = 1 signifies that the device has been reset. 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

- 

- 

- 

- 


Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDV1 flag is asserted 

1 bq2050 is reset 
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Table 7. bq2050 Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 


7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

CMDR 

Command register 

OOh 

Write 

W/R 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FLGS1 

Primary status flags 
register 

Olh 

Read 

CHGS 

BRP 

n/u 

Cl 

VDQ 

n/u 

EDV1 

EDVF 

TMP 

Temperature register 

02h 

Read 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal available ca- 
pacity high byte reg- 
ister 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal available 
capacity low byte 
register 

17h 

Read 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery 

identification 

register 

04h 

R/W 

BATID 7 

BATID6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured dis- 
charge register 

05h 

R/W 

LMD 7 

LMD 6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary status 
flags register 

06h 

Read 

n/u 

DR2 

DR1 

DRO 

n/u 

n/u 

n/u 

OVLD 

PPD 

Program pin pull- 
down register 

07h 

Read 

n/u 

n/u 

PPD6 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin pull-up 
register 

08h 

Read 

n/u 

n/u 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 

inaccurate count reg- 
ister 

09h 

Read 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

VSB 

Battery voltage 
register 

OBh 

Read 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 

VTS 

End-of-dischaige thresh- 
old select register 

OCh 

R/W 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTSO 

CACH 

Compensated avail- 
able capacity high byte 
register 

ODh 

Read 

CACH7 

CACH6 

CACH5 

CACH4 

CACH3 

CACH2 

CACH1 

CACHO 

CACL 

Compensated 
available capacity low 
byte register 

OEh 

Read 

CACL7 

CACL6 

CACL5 

CACL4 

CACL3 

CACL2 

CACL1 

CACLO 

SAEH 

Scaled available 
energy high byte reg- 
ister 

OFh 

Read 

SAEH7 

SAEH6 

SAEH5 

SAEH4 

SAEH3 

SAEH2 

SAEH1 

SAEHO 

SAEL 

Scaled available 
energy low byte regis- 
ter 

lOh 

Read 

SAEL7 

SAEL6 

SAEL5 

i 

SAEL4 

SAEL3 

SAEL2 

SAEL1 

SAELO 

RST 

Reset register 

39h 

Write 

RST 

0 

0 

0 

0 

0 

0 

0 


Note: n/u = not used 
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The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2050 is reset. The flag is cleared 
after an LMD update. 


The Cl values are: 


FLGS1 Bits 

7 


5 

4 

3 

2 

1 

0 

- 


- 

Cl 

- 

- 

- 

- 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or the bq2050 is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2050 is discharged from NAC=LMD. The flag remains 
set until either LMD is updated or one of three actions 
that can clear VDQ occurs: 

■ The self-discharge count register (SDCR) has 
exceeded the maximum acceptable value (4096 
counts) for an LMD update. 

■ A valid charge action sustained at Vsro > Vsrq for at 
least 256 NAC counts. 

■ The EDV1 flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

" 

VDQ 

- 


- 


Where VDQ is: 

0 SDCR > 4096, subsequent valid charge ac- 
tion detected, or EDV1 is asserted with the 
temperature less than 0°C 

1 On first discharge after NAC = LMD 

The first end-of -discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV1 flag is latched until a valid charge has 
been detected. The EDV1 threshold is externally con- 
trolled via the VTS register (see Voltage Threshold Reg- 
ister on this page). 
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The EDV1 values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

_0_ 

- 

- 

- 

- 

- 

- 

EDV1 

- 


Where EDV1 is: 

0 Valid charge action detected, Vsb ^ Vts 

1 Vsb < Vts providing that the discharge rate is 
<2C 

The final end-of-discharge warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EDVF threshold is set 50mV below the EDV1 threshold. 


The EDVF values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 


- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 

0 Valid charge action detected, Vsb ^ (Vts - 
50mV) 

1 Vsb < (Vts - 50mV) providing the discharge 
rate is < 2C 


Temperature Register (TMP) 

The read-only TMP register (address=02h) contains the 
battery temperature. 


TMP Temperature Bits 

7 

6 

5 

4 

3 

2 

1 

0 

TMP4 

TMP3 

TMP2 

TMP1 

- 

- 

- 

- 


The bq2050 contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown in Table 7. 

The bq2050 calculates the gas gauge bits, GG3-GG0 as a 
function of CACH and LMD. The results of the calculation 
give available capacity in y 16 increments from 0 to %. 
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Table 7. Temperature Register 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


TMPGG Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

GG3 

GG2 

GG1 

GGO 


Nominal Available Charge Registers 
(NACH/NACL) 

The read/write NACH high-byte register (address=03h) and 
the read-only NACL low-byte register (address=17h) are 
the main gas gauging register for the bq2050. The NAC 
registers are incremented during charge actions and decre- 
mented during discharge and self-discharge actions. The 
correction factors for charge/discharge efficiency are applied 
automatically to NAC. NACH and NACL are set to 0 dur- 
ing a bq2050 reset. 

Writ ing to the NAC registers affects the available charge 
counts and , therefore, affects the bq2050 gas gauge opera- 
tion. Do not write the NAC registers to a value greater than 
LMD. 

Battery Identification Register (BATID) 

The read/write BATID register (address=04h) is avail- 
able for use by the system to determine the type of bat- 
tery pack. The BATID contents are retained as long as 
Vcc is greater than 2V. The contents of BATID have no 
effect on the operation of the bq2050. There is no de- 
fault setting for this register. 


Last Measured Discharge Register (LMD) 

LMD is a read/write register (address=05h) that the 
bq2050 uses as a measured full reference. The bq2050 
adjusts LMD based on the measured discharge capacity 
of the battery from full to empty. In this way the bq2050 
updates the capacity of the battery. LMD is set to PFC 
during a bq2050 reset. 

Secondary Status Flags Register (FLGS2) 


The read-only FLGS2 register (address=06h) contains 
the secondary bq2050 flags. 


FLGS2 Bits 

7 

! 6 

5 4 

3 

2 

1 

0 

- 

DR2 

DR1 DRO 

- 


- | 


The discharge rate flags, DR2-0, are bits 6-4. 


DR2 

DR1 

DRO 

Discharqe Rate 

0 

0 

0 

DRATE < 0.5C 

0 

0 

1 

0.5C < DRATE < 2C 

0 1 

1 

0 

DRATE >2C (OVLD = 1) 


They are used to determine the current discharge re- 
gime as follows: 


FLGS2 Bits 

7 

6 

5 

! 4 

3 

2 

1 0 

- 

- 

- 


- 

- 

OVLD 


The overload flag (OVLD) is asserted when a discharge 
rate in excess of 2C is detected. OVLD remains asserted 
as long as the condition persists and is cleared 0.5 sec- 
onds after the rate drops below 2C. The overload condi- 
tion is used to stop sampling of the battery terminal char- 
acteristics for end-of-discharge determination. 

Program Pin Pull-Down Register (PPD) 

The read-only PPD register (address=07h) contains some 
of the programming pin information for the bq2050. The 
segment drivers, SEGi-6, have a corresponding PPD regis- 
ter location, PPDi_ 6. A given location is set if a pull-down 
resistor has been detected on its corresponding segment 
driver. For example, if SEGi and SEG 4 have pull-down 
resistors, the contents of PPD are xxOOlOOl. 

Program Pin Pull-Up Register (PPU) 

The read-only PPU register (address=08h) contains the rest 
of the programming pin information for the bq2050. The 
segment drivers, SEG 1 - 6 , have a corresponding PPU regis- 
ter location, PPUi_6. A given location is set if a pull-up re- 
sistor has been detected on its corresponding segment 
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driver. For example, if SEG3 and SEG6 have pull-up resis- 
tors, the contents of PPU are xxlOOlOO. 


PPD/PPU Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

PPU 6 

PPU 6 

PPU4 

PPU 3 

PPU 2 

PPUl 

- 

- 

PPD 6 

ppd 5 

ppd 4 

PPD 3 

ppd 2 

PPDi 


Capacity Inaccurate Count Register (CPI) 

The read-only CPI register (address=09h) is used to in- 
dicate the number of times a battery has been charged 
without an LMD update. Because the capacity of a re- 
chargeable battery varies with age and operating condi- 
tions, the bq2050 adapts to the changing capacity over 
time. A complete discharge from full (NAC=LMD) to 
empty (EDV1=1) is required to perform an LMD update 
assuming there have been no intervening valid charges, 
the temperature is greater than or equal to 0°C, and the 
self-discharge counter is less than 4096 counts. 

The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 * LMD, however, 
the CPI register increments on the first valid charge; 
CPI does not increment again for a valid charge until 
NAC < 0.94 * LMC. This prevents continuous trickle 
charging from incrementing CPI if self-discharge decre- 
ments NAC. The CPI register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. The CPI register is reset 
whenever an update of the LMD register is performed, 
and the Cl flag is also cleared. 

Battery Voltage Register (VSB) 

The read-only battery voltage register is used to read the 
single-cell battery voltage on the SB pin. The VSB regis- 
ter (address = OBh) is updated approximately once per sec- 
ond with the present value of the battery voltage. Vsb = 
2.4V * (VSB/256). 


VSB Register Bits 

7 6 

5 4 

3 2 

1 

0 

VSB7 1 VSB6 

VSB5 VSB4 

VSB3 1 VSB2 

VSB1 

VSBO 


Voltage Threshold Register (VTS) 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address = 
OCh). The read/write VTS register sets the EDV1 trip 
point. EDVF is set 50mV below EDV1. The default 
value in the VTS register is A2h, representing EDV1 = 
1.52V and EDVF = 1.47V. EDV1 = 2.4V * (VTS/256). 
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VTS Register Bits 

7 

6 5 4 

3 2 

1 

0 

VTS7 

VTS6 VTS 5 VTS4 

VTS3 VTS2 

VTS1 

VTSO 


Compensated Available Charge Registers 
(CACH/CACL) 

The read-only CACH high-byte register (address = ODh) 
and the read-only CACL low-byte register (address = 
OEh) represent the available charge compensated for 
discharge rate and temperature. CACH and CACL use 
piece-wise corrections as outlined in Tables 3A, 3B, 4A, 
and 4B, and will vary as conditions change. The NAC 
and LMD registers are not affected by the discharge 
rate and temperature. 

Scaled Available Energy Registers 
(SAEH/SAEL) 

The read-only SAEH high-byte register (address = OFh) 
and the read only SAEL low-byte register (address = 
lOh) are used to scale battery voltage and CAC to a 
value which can be translated to watt-hours remaining 
under the present conditions. SAEL and SAEH may be 
converted to mWh using the formula on page 7. 

Reset Register (RST) 

The reset register (address = 39h) enables a software- 
controlled reset of the device. By writing the RST regis- 
ter contents from OOh to 80h, a bq2050 reset is per- 
formed. Setting any bit other than the most-significant 
bit of the RST register is not allowed and results in im- 
proper operation of the bq2050. 

Resetting the bq2050 sets the following: 

■ LMD = PFC 

■ CPI, VDQ, NACH, and NACL = 0 

■ Cl and BRP = 1 

Note: Self-discharge is disabled when PROG5 = H. 

Display 

The bq2050 can directly display capacity information 
using low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to Vcc or Vss for a pro- 
gram high or program low, respectively. 

The bq2050 displays the battery charge state in relative 
mode. In relative mode, the battery charge is represented 
as a percentage of the LMD. Each LED segment repre- 
sents 20% of the LMD. 

The capacity display is also adjusted for the present bat- 
tery temperature. The temperature adjustment reflects 
the available capacity at a given temperature but does 
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not affect the NAC register. The temperature adjust- 
ments are detailed in the CACH and CACL register de- 
scriptions. 

When DISP is tie d to Vcc, the SEG 1-5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the bq2050 detects a charge in progress 
Vsro > Vsrq . When pulled low, the segment outputs be- 
come active for a period of four seconds, ±0.5 seconds. 

The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
100Hz with each segment bank active for 30% of the pe- 
riod. 


SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedvi (EDV1 = 1), indicating a low- 
battery condition. Vsb below Vedvf (EDVF = 1) disables 
the display output. 

Microregulator 

The bq2050 can operate directly from one cell. A micro- 
power source for the bq2050 can be inexpensively built 
using the FET and an external resistor to accommodate 
a greater number of cells; see Figure 1. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

7.0 

V 


All other pins 

Relative to Vss 

-0.3 

7.0 

V 


REF 

Relative to Vss 

-0.3 

8.5 

V 

Current limited by R1 (see Figure 1) 

V S R 

Relative to Vss 

. 

-0.3 

7.0 

V 

Minimum 1000 series resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2050 appli- 
cation note for details). 

Topr 

Operating tempera- 
ture 

0 

70 

°c 

Commercial 

-40 

85 

°c 

Industrial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

1.44 

1.47 

1.50 

V 

SB 

Vedvi 

First empty warning 

1.49 

1.52 

1.55 

V 

SB 

VsrO 

SR sense range 

-300 

- 

2000 

mV 

SR, V S r + Vos 

VsRQ 

Valid charge 

210 

- 

- 

nV 

Vsr + Vos (see note) 

VsRD 

Valid discharge 


1 

-200 

HV 

Vsr + Vos (see note) 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

SB 


Note: Vos is affected by PC board layout. Proper layout guidelines should be followed for optimal performance. 

See “Layout Considerations.” 
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DC Electrical Characteristics <ta = tqpr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

HV 

DISP = Vcc 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

if 

ii 

■? 

> 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ 

Vref = 3V 

Icc 

Normal operation 

. 

90 

135 

pA 

Vcc = 3.0V, DQ = 0 

- 

120 

180 

HA 

Vcc = 4.25V, DQ = 0 

- 

170 

250 

R A 

Vcc = 6.5V, DQ = 0 

VsB 

Battery input 

0 

_ 

Vcc 

V 


RsBmax 

SB input impedance 

10 


- 

MG 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

HA 

Vdisp = Vss 

Ilcom 

LOOM input leakage 

-0.2 

- 

0.2 

pA 

DISP = Vcc 

Irbi 

RBI data retention current 

- 


100 

nA 

Vrbi > Vcc < 3V 

Rdq 

Internal pulldown 

500 

- 

- 

KG 


VsR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 


. 

MG 

-200mV < Vsr < Vcc 

VlH 

Logic input high 

Vcc - 0.2 

- 

- 

V 

PROGi-PROGe 

VlL 

Logic input low 

- 

- 

Vss + 0.2 

V 

PROGi-PROGe 

Viz 

Logic input Z 

float 

- 

float 

V 

PROGi-PROGe 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 5 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
SEG 1 -SEG 5 

VoHLCL 

LOOM output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Iohlcom = -5.25mA 

VoHLCH 

LOOM output high, high Vcc 

Vcc - 0.6 


- 

V 

Vcc = 6.5V, Iohlcom = -33.0mA 

IlH 

PROGi-6 input high current 

_ 

1.2 


nA 

Vprog = Vcc/2 

IlL 

PROGi- 6 input low current 

. 

1.2 

- 

pA 

Vprog = Vcc/2 

lOHLCOM 

LOOM source current 

-33 


- 

mA 

At VoHLCH = Vcc - 0 . 6 V 

IOLS 

SEG 1.5 sink current 

- 


11.0 

mA 

At Volsh = 0.4V 

IOL 

Open-drain sink current 

- 

- 

5.0 

mA 

At Vol = Vss + 0.3V 

DQ 

VOL 

Open-drain output low 

- 

" 

0.5 

V 

Iol ^ 5mA, DQ 

VfflDQ 

DQ input high 

2.5 


- 

V 

DQ 

Vildq 

DQ input low 

- 

- 

0.8 

V 

DQ 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

KG 

PROGi-PROGe 

Rfloat 

Float state external impedance 

- 

5 

- 

MG 

PROGi-PROGe 


Note: All voltages relative to Vss. 
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Serial Communication Timing Specification (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2050 

3 

- 

- 

ms 

See note 

tCYCB 

Cycle time, bq2050 to host 

3 

- 

6 

ms 


tSTRH 

Start hold, host to bq2050 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2050 to host 

500 

- 

- 

qs 


tDSU 

Data setup 

- 

- 

750 

ps 


tDH 

Data hold 

750 

- 

- 

M-s 


tDV 

Data valid 

1.50 

- 

- 

ms 


tssu 

Stop setup 

- 

- 

2.25 

ms 


tSH 

Stop hold 

700 

- 

- 

ps 


tsv 

Stop valid 

2.95 

- 

- 

ms 


tB 

Break 

3 


- 

ms 


tBR 

Break recovery 

1 

- 

- 

ms 



Notes: The open-drain DQ pin should be pulled to at least Vcc by the host system for proper DQ operation. 

DQ may be left floating if the serial interface is not used. 


Serial Communication Timing 
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Data Sheet Revision History 


Chanae No. 

Paqe No. 

Description 

Nature of Chanqe 

1 

4 

Changed reset procedure 

Was: Reset by issuing command over serial port 

Is: Reset by removing Vcc and grounding RBI for 

15 s. 

1 

11, 14 

Deleted reset register 


2 

16 

Changed values 

Vedvf* Min. was 1.45; Max. was 1.49 

Min. now is 1.44; Max. now is 1.50 

Vedvi: Min. was 1.50; Min. now is 1.49 

2 

17 

Changed values 

Vcc** Min. was 2.5; Min. now is 3.0 

2 

4, 11, 13, 14 

Reinserted reset register 


2 

9 

Maximum offset 

Vos: Max. was 150 

Max. now is 180 


Notes: Change 1 = June 1995 B changes from Dec. 1994. 

Change 2 = Sept. 1996 C changes from June 1995 B. 



Ordering Information 


bq2050 

Temperature Range: 

blank = Commercial (0 to 70°C) 
N = Industrial (-40 to +85°C)* 

Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2050 Power Gauge IC 
* Contact factory for availability. 
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Product Brief EV2050 



Power Gauge™ Evaluation Board 


Features 

>- bq2050 Power Gauge™ IC evaluation and 

development system 

>- PC interface hardware for easy access to 

state-of-charge information via the serial port 

>► Battery state-of-charge monitoring for 1- to 5-cell 
(series) applications 

>► On-board voltage regulator for Power Gauge 
operation 

>► State-of-charge information displayed on bank of 5 
LEDs 

>► Nominal capacity jumper-configurable 

>► Cell anode type (coke or graphite) 
j umper-configur able 

General Description 

The EV2050 Evaluation System provides a development 
and evaluation environment for the bq2050 Power 
Gauge IC. The EV2050 incorporates a bq2050 sense re- 
sistor, and all other hardware necessary to provide a 
power monitoring function for 1 to 5 series Li-Ion cells. 

Hardware for an PC interface is included on the EV2050 
so that easy access to the state-of-charge information 
can be achieved via the serial port of the bq2050. Direct 
connection to the serial port of the bq2050 is also made 
available for check-out of the final hardware/soft- 
ware implementation. 



The menu-driven software provided with the EV2050 
displays charge/discharge activity and allows user inter- 
face to the bq2050 from any standard DOS PC. 

A full data sheet for this product is available from the 
Unitrode web site, or you may contact the factory for 
one. 
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EV2050 Board Schematic 



Product Brief EV2050 




Rev. E Board 





EV2050 Product Brief 


EV2050 Board Schematic (Continued) 



Rev E Board 
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Low-Cost Lithium Ion Power Gauge™ 1C 


Features 

>* Accurate measurement of avail- 
able capacity in Lithium Ion bat- 
teries 

>- Provides a low-cost battery man- 
agement solution for pack 
integration 

- Complete circuit can fit in as 
little as y 2 square inch of PCB 

- Low operating current ( 120gA 
typical) 

- Less than lOOnA of data 
retention current 

>■ High-speed (5kb) single-wire 
communication interface (HDQ 
bus) for critical battery 
parameters 

> Monitors and controls charge FET 
in Li-Ion pack protection circuit 

> Direct drive of remaining capacity 
LEDs 

> Measurements automatically 
compensated for rate and 
temperature 

> 16-pin narrow SOIC 

Pin Connections 


General Description 

The bq2050H Lithium Ion Power 
Gauge™ IC is intended for battery- 
pack or in-system installation to 
maintain an accurate record of 
available battery capacity. The IC 
monitors a voltage drop across a 
sense resistor connected in series 
between the negative battery termi- 
nal and ground to determine 
charge and discharge activity of 
the battery. Compensations for bat- 
tery temperature, self discharge, 
and rate of discharge are applied to 
the charge counter to provide avail- 
able capacity information across a 
wide range of operating conditions. 
Battery capacity is automatically re- 
calibrated, or “learned,” in the 
course of a discharge cycle from full 
to empty. 

Nominal available capacity may be 
directly indicated using a five- 
segment LED display. These seg- 


Pin Names 


ments are used to graphically indi- 
cate available capacity. The 
bq2050H also supports a simple 
single-line bidirectional serial link 
to an external processor (common 
ground). The 5kb HDQ bus interface 
reduces communications overhead 
in the external microcontroller. 

Internal registers include available 
capacity, temperature, scaled avail- 
able energy, battery ID, battery 
status, and Li-Ion charge FET 
status. The external processor may 
also overwrite some of the bq2050H 
power gauge data registers. 

The bq2050H can operate from the 
batteries in the pack. The REF out- 
put and an external transistor allow 
a simple, inexpensive voltage regu- 
lator to supply power to the circuit 
from the cells. 



<C7 


LCOM 2 

1 16 

□ vcc 

SEG 1 /PROG 1 2 

2 15 

2 REF 

SEG 2 /PROG 2 2 

3 14 

2 PSTAT 

SEG 3 /PROG 3 2 

4 13 

2 \ HDQ 

SEG 4 /PROG 4 2 

5 12 

2} RBI 

SEG 5 /PROG 5 [2 

6 11 

2] SB 

CFC [I 

7 10 

2] DISP 

vssE 

8 9 

2 } SR 

16-Pin Narrow SOIC 



PN2050H1.eps 


5/99 D 


LCOM LED common output 

SEGi/PROG, LED segment 1/ 
program 1 input 

SEG 2 /PROG 2 LED segment 2 / 
program 2 input 


SEG 3 /PROG 3 LED segment 3/ 
program 3 input 

SEG4/PROG4 LED segment 4/ 
program 4 input 


SEG5/PROG5 LED segment 5/ 
program 5 input 


CFC Charge FET control 

output 


V ss 

System ground 

SR 

Sense resistor input 

DISP 

Display control input 

SB 

Battery sense input 

RBI 

Register backup input 

HDQ 

Serial communications 
input/output 

PSTAT 

Protector status input 

REF 

Voltage reference output 

Vcc 

Supply voltage 
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Pin Descriptions 

LCOM LED common output 

This open-drain output switches Vcc to 
source current for the LEDs. The switch is 
off during initialization to allow reading of 
the soft pull-up or pull-down program resis- 
tors. LCOM is also high impedance when the 
display is off. 

SEGi- LED display segment outputs (dual func- 

SEG5 tion with PROG1-PROG5) 

Each output may activate an LED to sink 
the current sourced from LCOM. 

PROGi- Programmed full count selection inputs 
PROG2 (dual function with SEG1-SEG2) 

These three-level input pins define the pro- 
grammed full count (PFC) thresholds de- 
scribed in Table 2. 

PROG3- Power gauge scale selection inputs (dual 
PROG4 function with SEG3-SEG4) 

These three-level input pins define the scale 
factor described in Table 2. 

PROG5 Self-discharge rate selection (dual func- 
tion with SEG5) 

This three-level input pin defines the 
self-discharge and battery compensation fac- 
tors as shown in Table 1. 

CFC Charge FET control output 


DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc allows PROGx to connect di- 
rectly to Vcc or Vss instead of th rough a 
pull-up or pull-down resistor. DISP floating 
allows the LE D display to be active during 
charge. DISP low activates the display. See 
Table 1. 

SB Secondary battery input 

This input monitors the battery cell voltage 
potential through a high-impedance resis- 
tive divider network for end-of-discharge 
voltage (EDV) thresholds and battery-removed 
detection. 

RBI Register backup input 

This pin is used to provide backup potential to 
the bq2050H registers during periods when 
Vcc ^ 3V. A storage capacitor or a battery 
can be connected to RBI. 

HDQ Serial communication input/output 

This is the open-drain bidirectional commu- 
nications port. 

PSTAT Protector status input 

This input provides overvoltage status from 
the Li-Ion protector circuit. It should con- 
nect to Vss when not used. 

REF Voltage reference output for regulator 


Vss 


This pin can be used as an additional control 
to the charge FET of the Li-Ion pack protec- 
tion circuitry. 

Ground 


VCC 


REF provides a voltage reference output for 
an optional micro-regulator. 

Supply voltage input 


SR Sense resistor input 


The voltage drop (Vsr) across the sense re- 
sistor Rs is monitored and integrated over 
time to interpret charge and discharge activ- 
ity. The SR input is tied between the nega- 
tive terminal of the battery and the sense re- 
sistor. Vsr < Vss indicates discharge, and 
Vsr > Vss indicates charge. The effective 
voltage drop, VsRO, as seen by the bq2050H 

is Vsr + Vos. 
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Functional Description 

General Operation 

The bq2050H determines battery capacity by moni- 
toring the amount of current input to or removed 
from a rechargeable battery. The bq2050H meas- 
ures discharge and charge currents, measures bat- 
tery voltage, estimates self-discharge, monitors the 
battery for low battery-voltage thresholds, and com- 
pensates for temperature and discharge rate. Cur- 
rent measurement is measured by monitoring the 
voltage across a small-value series sense resistor be- 
tween the negative battery terminal and ground. 
Scaled available energy is estimated using the re- 
maining average battery voltage during the dis- 
charge cycle and the remaining nominal available 


capacity. The scaled available energy measurement 
is corrected for environmental and operating condi- 
tions. 

Figure 1 shows a typical battery pack application of the 
bq2050H using the LED display capability as a charge- 
state indicator. The bq2050H is configured to display 
capacity in relative display mode. The relative display 
mode uses the last measured discharge capacity of the 
battery as the battery “full” reference. A push-button 
display feature is available for momentarily enabling 
the LED display. 

The bq2050H monitors the charge and discharge cur- 
rents as a voltage across a sense resistor. (See Rs in Fig- 
ure 1.) A filter between the negative battery terminal 
and the SR pin is required. 



f-^Wv — * 


-tf- 


bq2050H 


Power Gauge 1C 


REF 

LCOM 

Vrr 

SEGFPROG-i 

SB 

seg 2 /prog 2 


SEG3/PROG3 

DISP 

SEG4/PROG4 

SR 

SEG5/PROG5 


CFC 

vss 


RBI 

PSTAT 

HDQ 


R 1 

-AAA/ — 


Cl 




Q1 

ZVNL110A 


T 


V CC =FC2 


100K 

X °-1 


RBi 


RB 2 


R S 


7^ 


-H4- 1 


J See note 4 




h 

L 

Notes: 

1 . j_ | Indicates optional. 

2. Programming resistors and ESD-protection diodes are not shown. 

3. RC on SR is required. 

4. A series diode is required on RBI if the bottom series cell is used as the backup source. 

If the cell is used, the backup capacitor is not required, and the anode is connected to the 
positive terminal of the cell. 


Charger 


Load 


FG2050H1.eps 


Figure 1 . Battery Pack Application Diagram — LED Display 
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Voltage Thresholds 


In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2050H monitors the battery potential 
through the SB pin. The voltage is determined through 
a resistor-divider network per the following equation: 


RBI 

RB2 


4N - 1 


where N is the number of cells, RBI is connected to the 
positive battery terminal, and RB2 is connected to the 
negative battery terminal. The single-cell battery volt- 
age is monitored for the end-of-discharge voltage (EDV) 
thresholds. The EDV threshold levels are used to deter- 
mine when the battery has reached an “empty” state. 

The EDV thresholds for the bq2050H are programmable 
with the default values fixed at: 


EDV1 (first) = 0.76V 

EDVF (final) = EDV1-0.025V = 0.735V 

If VsB is below either of the two EDV thresholds, the as- 
sociated flag is latched and remains latched, independ- 
ent of VsB, until the next valid charge. The VsB value is 
also available over the serial port. 

During discharge and charge, the bq2050H monitors 
Vsr for various thresholds used to compensate the 
charge counter. EDV monitoring is disabled if the dis- 
charge rate is greater than 2C (OVLD Flag = 1) and re- 
sumes y 2 second after the rate falls below 2C. 


RBI Input 

The RBI input pin is intended to be used with a storage 
capacitor or external supply to provide backup potential 
to the internal bq2050H registers when Vcc drops below 
3.0V. Vcc is output on RBI when Vcc is above 3.0V. If us- 
ing an external supply (such as the bottom series cell) as 
the backup source, an external diode is required for isola- 
tion. 


Reset 

The bq2050H can be reset by removing Vcc and ground- 
ing the RBI pin for 15 seconds or by commands over the 
serial port. The serial port reset command sequence re- 
quires writing OOh to register PPFC (address = lEh) and 
then writing OOh to register LMD (address = 05h). 


Temperature 

The bq2050H internally determines the temperature in 
10°C steps centered from approximately -35°C to +85°C. 
The temperature steps are used to adapt charge and dis- 
charge rate compensations, self-discharge counting, and 
available charge display translation. The temperature 
range is available over the serial port in 10°C incre- 
ments as shown in the following table: 
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TMP (hex) 

Temperature Range 

Ox 

< -30°C 

lx 

-30°C to -20°C 

2x 

-20°C to -10°C 

3x 

-10°C to 0°C 

4x 

0°C to 10°C 

5x 

10°C to 20°C 

6x 

20°C to 30°C 

7x 

30°C to 40°C 

8x 

40°C to 50°C 

9x 

50°C to 60°C 

Ax 

60°C to 70°C 

Bx 

70°C to 80°C 

Cx 

> 80°C 


Layout Considerations 

The bq2050H measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally: 

■ The capacitors (Cl and C2) should be placed as 
close as possible to the Vcc and SB pins, 
respectively, and their paths to Vss should be as 
short as possible. A high-quality ceramic capacitor 
of O.lpF is recommended for Vcc. 

■ The sense-resistor capacitor should be placed as close 
as possible to the SR pin. 

■ The sense resistor (Rs) should be as close as possible to 
the bq2050H. 
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Gas Gauge Operation 

The operational overview diagram in Figure 2 illustrates 
the operation of the bq2050H. The bq2050H accumu- 
lates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. The accumu- 
lated charge and discharge currents are adjusted for 
temperature and rate to provide the indication of com- 
pensated available capacity to the host system or user. 

The main counter, Nominal Available Capacity (NAC), 
represents the available battery capacity at any given 
time. Battery charging increments the NAC register, 
while battery discharging and self-discharge decrement 
the NAC register and increment the DCR (Discharge 
Count Register). 

The Discharge Count Register is used to update the Last 
Measured Discharge (LMD) register only if a complete 
battery discharge from full to empty occurs without any 
partial battery charges. Therefore, the bq2050H adapts 
its capacity determination based on the actual condi- 
tions of discharge. 


The battery's initial capacity equals the Programmed 
Full Count (PFC) shown in Table 2. Until LMD is up- 
dated, NAC counts up to but not beyond this threshold 
during subsequent charges. This approach allows the 
gas gauge to be charger-independent and compatible 
with any type of charge regime. 

1. Last Measured Discharge (LMD) or learned 
battery capacity: 

LMD is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or bat- jp 
tery replacement), LMD = PFC. During subsequent 
discharges, the LMD is updated with the latest y 
measured capacity in the Discharge Count Register 
representing a discharge from full to below EDV1. 

A qualified discharge is necessary for a capacity 
transfer from the DCR to the LMD register. The 
LMD also serves as the 100% reference threshold 
used by the relative display mode. 


Inputs 


Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (LMD) 


Outputs 



Charge 

(NAC) 


Discharged Qualified Register 


(LMD) 







Rate and 
Temperature 
Compensation 



. 


* 1 


Transfer (DCR) 


Temperature Step, 
Other Data 


Compensated 
Available Charge 
LED Display, etc. 


Serial 

Port 


Figure 2. Operational Overview 
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2. Programmed Full Count (PFC) or initial bat- 
tery capacity: 

The initial LMD and gas gauge rate values are pro- 
grammed by using PROG1-PROG4. The bq2050H 
is configured for a given application by selecting a 
PFC value from Table 2. The correct PFC may be 
determined by multiplying the rated battery capac- 
ity in mAh by the sense resistor value: 

Battery capacity (mAh) * sense resistor (Q) = 

PFC (mVh) 

Selecting a PFC slightly less than the rated capac- 
ity provides a conservative capacity reference until 
the bq2050H “learns” a new capacity reference. 


Example: Selecting a PFC Value 

Given: 

Sense resistor = 0.05Q 
N umber of cells = 2 

Capacity = lOOOmAh, Li-Ion battery, coke-anode 

Current range = 50mA to 1A 

Relative display mode 

Self-discharge == NA % 12 per day @ 25°C 

Voltage drop over sense resistor = 2.5mV to 50mV 

Nominal discharge voltage = 3.6 V 

Therefore: 

lOOOmAh * 0.05Q = 50mVh 


Table 1. Self-Discharge and Capacity Compensation 


Pin 

PROG5 Compensation/Self-Discharge 

DISP 

Connection 

(See Tables 3 and 4 ) 

Display State 

H 

Coke anode/disabled 

LEDs disabled 

Z 

Coke anode/ NAC / 512 

LEDs on when charging 

L 

Graphite anode/ NA % 12 

LEDs on for 4 s 


Table 2. bq2050H Programmed Full Count mVh, Vsr Gain Selections 


PROGx 

Pro- 

grammed 

Full 

Count 

(PFC) 

PROG4 = L 

PROG4 = Z or H 

Units 

1 

2 

PROG3 = H 

PROG 3 = z 

PROG3 = L 

PROG3 = H 

PROG3 =Z 

PROG3 =L 

- 

- 


SCALE = 
1/80 

SCALE = 
1/160 

SCALE = 
1/320 

SCALE = 
1/640 

SCALE = 
1/1280 

SCALE = 
1/2560 

mVh/ 

count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

Z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

Vsr equivalent to 2 
counts/s (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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Select: 

PFC = 30720 counts or 48mVh 

PROGi = float 

PROG2 = low 

PROG3 = high 

PROG4 = float 

PROG5 = float 

The initial full battery capacity is 48mVh (960mAh) 
until the bq2050H “learns” a new capacity with a 
qualified discharge from full to EDV1. 

3. Nominal Available Capacity (NAC): 

NAC counts up during charge to a maximum value 
of LMD and down during discharge and self-dis- 
charge to 0. NAC is reset to 0 on initialization and 
on the first valid charge following discharge to 
EDV1. To prevent overstatement of charge during 
periods of overcharge, NAC stops incrementing 
when NAC = LMD. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of NAC and could continue increasing after NAC 
has decremented to 0. Prior to NAC = 0 (empty 
battery), both discharge and self-discharge in- 
crement the DCR. After NAC = 0, only discharge 
increments the DCR. The DCR resets to 0 when 
NAC = LMD. The DCR does not roll over but stops 
counting when it reaches FFh. 

The DCR value becomes the new LMD value on the 
first charge after a valid discharge to VEDV1 if all 
the following conditions are met: 

■ No valid charge initiations (charges greater than 
2 NAC updates where VsRO > Vsrq) occurred 
during the period between NAC = LMD and EDV1. 

■ The self-discharge is less than 6% of NAC. 

■ The temperature is > 0°C when the EDV1 level 
is reached during discharge. 

■ VDQ is set 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for LMD update. If 
the DCR update value is less than 0.94 * LMD, LMD 
will only be modified by 0.94 * LMD. This prevents 
invalid DCR values from corrupting LMD. 

5. Scaled Available Energy (SAE): 

SAE is useful in determining the available energy 
within the battery, and may provide a more useful 
capacity reference in battery chemistries with 
sloped voltage profiles during discharge. SAE may 
be converted to an mWh value using the following 
formula: 


E(mWh) = (SAEH * 256 + SAEL) * 

1.2 * SCALE * (Rbi + Rb 2 ) 

Rs * Rb2 

where Rbi, RB2, and Rs are resistor values in 
ohms, as shown in Figure 1. SCALE is the selected 
scale from Table 2. 

6. Compensated Available Capacity (CACT) 

CACT counts similarly to NAC, but contains the available 
capacity compensated for discharge rate and temperature. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the SR input. If charge activity is detected, the 
bq2050H increments NAC at a rate proportional to Vsr 
and, if enabled, activates an LED display. 

The bq2050H counts charge activity when the voltage at 
the SR input (VsRO) exceeds the minimum charge 
threshold (Vsrq). A valid charge is detected when NAC 
has been updated twice without discharging or reaching 
the digital magnitude filter time-out. Once a valid 
charge is detected, charge counting continues until Vsr, 
including offset, falls below VSRQ. 

Discharge Counting 

Discharge activity is detected based on a negative volt- 
age on the SR input. All discharge counts where VSRO 
is less than the minimum discharge threshold (VSRD) 
cause the NAC register to decrement and the DCR to 
increment. 

Self-Discharge Counting 

The bq2050H continuously decrements NAC and incre- 
ments DCR for self-discharge based on time and tempera- 
ture. 

Charge/Discharge Current 

The bq2050H current-scale registers, VSRH and VSRL, 
can be used to determine the battery charge or dis- 
charge current. See the Current Scale Register descrip- 
tion for details. 

Count Compensations 

Compensated Available Capacity 

Compensated Available Capacity compensation is based 
on the rate of discharge, temperature, and negative 
electrode type. Tables 3A and 3B outline the correction 
factor typically used for graphite-anode Li-Ion batteries, 
and Tables 4A and 4B outline the factors typically used for 
coke-anode Li-Ion batteries. The compensation factor is 
applied to NAC to derive the CACD and CACT values. 
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Table 3A. Graphite Anode 


Approximate Discharge 
Rate 

Available Capacity 
Reduction 

< 0.5C 

0 

> 0.5C 

0.05 * LMD 


Table 3B. Graphite Anode 


Temperature 

Available Capacity 
Reduction 

> 10°C 

0 

0°C to 10°C 

0.05 * LMD 

-20°C to 0°C 

0.15 * LMD 

< -20°C 

0.37* LMD 


Table 4A. Coke Anode 


Approximate Discharge 
Rate 

Available Capacity 
Reduction 

<0.5C 

0 

> 0.5C 

0.10* LMD 


Table 4B. Coke Anode 


Temperature 

Available Capacity 
Reduction 

> 10°C 

0 

0°C to 10°C 

0.10 * LMD 

-20°C to 0°C 

0.30 * LMD 

< -20°C 

0.60 * LMD 


Charge Compensation 

The bq2050H also monitors temperature during charge. 
If the temperature is <0°C, NAC will only increment up 
to 0.94 * LMD, inhibiting VDQ from being set. This 
keeps a “learn” cycle from occurring when the battery is 
charged at very low temperatures. If the temperature 
rises above 0°C, NAC will be allowed to count up to NAC 
= LMD. 

Self-Discharge Compensation 

The self-discharge compensation is programmed for a 
nominal rate of y 512 * NAC per day. This is the rate that 
NAC is reduced for a battery within the 20-30°C tem- 
perature range. This rate varies across 8 ranges from 
<10°C to >70°C, as shown in Table 5. 


Table 5. Self-Discharge Compensation 


Temperature Range 

Typical Rate 

PROG5 = Z or L 

< 10°C 

NAC /2048 

10-20°C 

NA 7l024 

20-30°C 

NA %2 

30-40°C 

NA %56 

40-50°C 

NA 7l28 

50-60°C 

NAC /64 

60-70°C 

NA % 

> 70°C 

NA % 


Self-discharge may be disabled by connecting PROG5 = H. 


Digital Magnitude Filter 

The bq2050H has a digital filter to eliminate charge and 
discharge counting below a set threshold. The minimum 
charge (Vsrq) and discharge (VSRD) threshold for the 
bq2050H is 250qV. 

Pack Protection Supervision 


The CACD value is the available charge compensated 
for the rate of discharge. At high discharge rates, CACD 
is reduced. The reduction is maintained until a valid 
charge is detected. The CACT value is the available 
charge compensated for the rate of discharge and tem- 
perature. The CACT value is used to drive the LED dis- 
play. 


The bq2050H can monitor the charge FET in a Li-Ion 
pack protector circuit as shown in Figure 3. If the bat- 
tery voltage is too high or the temperature is out of the 
0 — 60°C range, the bq2050H disables the charge FET 
with the CFC output, which turns off the charge to the 
pack. 

The PSTAT input is used to monitor the protector state. If 
PSTAT is above 2.5V, bit 5 of FLGS1 is set to 1. If PSTAT 
is below 0.5V, bit 5 of FLGS1 is cleared to zero. Using this 
input, the system can monitor the state of the charge con- 
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Table 6. bq2050H Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


trol FET signal and can quickly determine if the protector 
circuit is operating properly during charge. 

Register 15h, NMCV, is used to set the maximum bat- 
tery voltage for the battery stack. If Vsb > NMCV or the 
battery temperature is < 0°C or > 60°C, then CFC is 
driven low. 

Error Summary 

Capacity Inaccurate 

The LMD is susceptible to error on initialization or if no 
updates occur. On initialization, the LMD value in- 
cludes the error between the programmed full capacity 
and the actual capacity. This error is present until a 
valid discharge occurs and LMD is updated (see the 
DCR description). The other cause of LMD error is bat- 
tery wear-out. As the battery ages, the measured capac- 
ity must be adjusted to account for changes in actual 
battery capacity. 


A Capacity Inaccurate counter (CPI) is maintained and 
incremented each time a valid charge occurs (qualified 
by NAC; see the CPI register description). It is reset 
whenever LMD is updated from the DCR. The counter 
does not wrap around but stops counting at 255. The ca- 
pacity inaccurate flag (Cl) is set if LMD has not been 
updated following 64 valid charges. 

Current-Sensing Error 

Table 6 shows the non-linearity and non-repeatability 
errors associated with the bq2050H current sensing. 

Table 7 illustrates the current-sensing error as a func- 
tion of Vos. A digital filter prevents charge and dis- 
charge counts to the NAC register when VsRO is be- 
tween VSRQ and VsRD- 



Figure 3. bq2050H Pack Supervision 
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Table 7. Vos-Related Current Sense Error 
(Current = 1A) 


Vos 

Sense Resistor 

(hV) 

20 

50 

100 

mQ 

50 

0.25 

0.10 

0.05 

% 

100 

0.50 

0.20 

0.10 

% 

150 

0.75 

0.30 

0.15 

% 

180 

0.90 

0.36 

0.18 

% 


Communicating With the bq2050H 

The bq2050H includes a simple single-pin (HDQ plus return) 
serial data interface. A host processor uses the interface to 
access various bq2050H registers. Battery characteristics 
may be easily monitored by adding a single contact to the 
battery pack. The open-drain HDQ pin on the bq2050H 
should be pulled up by the host system, or may be left float- 
ing if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2050H. 
The command directs the bq2050H to either store the 
next eight bits of data received to a register specified by 
the command byte or output the eight bits of data speci- 
fied by the command byte. (See Figure 4.) 

The communication protocol is asynchronous return-to- 
one. Command and data bytes consist of a stream of 
eight bits that have a maximum transmission rate of 
5K bits/sec. The least-significant bit of a command or 
data byte is transmitted first. The protocol is simple 
enough that it can be implemented by most host proces- 
sors using either polled or interrupt processing. Data in- 
put from the bq2050H may be sampled using the pulse- 
width capture timers available on some microcontrollers. 

If a communication error occurs (e.g., tCYCB > 250ps), 
the bq2050H should be sent a BREAK to reinitiate the 
serial interface. A BREAK is detected when the HDQ 
pin is driven to a logic-low state for a time, tB or greater. 
The HDQ pin should then be returned to its normal 
ready-high logic state for a time, tBR- The bq2050H is 
now ready to receive a command from the host proces- 
sor. 

The return- to-one data bit frame consists of three dis- 
tinct sections. The first section is used to start the 
transmission by either the host or the bq2050H taking 
the HDQ pin to a logic-low state for a period, tSTRH;B* 
The next section is the actual data transmission, where 
the data should be valid by a period, tDSU;B, after the 
negative edge used to start communication. The data 


should be held for a period, tDH;DV, to allow the host or 
bq2050H to sample the data bit. 

The final section is used to stop the transmission by re- 
turning the HDQ pin to a logic-high state by at least a 
period, tssU;B, after the negative edge used to start com- 
munication. The final logic-high state should be until a 
period tCYCH;B, to allow time to ensure that the bit 
transmission was stopped properly. The timings for data 
and break communication are given in the serial com- 
munication timing specification and illustration sec- 
tions. 

Communication with the bq2050H is always performed 
with the least-significant bit being transmitted first. Fig- 
ure 5 shows an example of a communication sequence to 
read the bq2050H NACH register. 

bq2050H Command Code and 
Registers 

The bq2050H status registers are listed in Table 8 and de- 
scribed below. All registers are Read/Write in the bq2050H. 

Caution: When writing to bq2050H registers ensure 
that proper data is written. A wiite-verify read is rec- 
ommended. 

Command Code 

The bq2050H latches the command code when eight 
valid command bits have been received by the bq2050H. 
The command code contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command code is used to select whether 
the received command is for a read or a write function. 

The W/R values are: 


Command Code Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


Where W/R is: 

0 The bq2050H outputs the requested register 
contents specified by the address portion of com- 
mand code. 

1 The following eight bits should be written to the 
register specified by the address portion of com- 
mand code. 

The lower seven-bit field of the command code contains 
the address portion of the register to be accessed. 
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Figure 4. bq2050H Communication Example 



Figure 5. Typical Communication With the bq2050H 
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Table 8. bq2050H Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 


7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 

FLGS1 

Primary status flags 
register 

Olh 

R 

CHGS 

BRP 

PSTAT 

Cl 

VDQ 

1 

EDV1 

EDVF 

TMP 

Temperature register 

02h 

R 

TMP3 

TMP2 

TMP1 

TMPO 

GG3 

GG2 

GG1 

GGO 

NACH 

Nominal available capac- 
ity high byte register 

03h 

R/W 

NACH7 

NACH6 

NACH5 

NACH4 

NACH3 

NACH2 

NACH1 

NACHO 

NACL 

Nominal available 
capacity low byte register 

17h 

R/W 

NACL7 

NACL6 

NACL5 

NACL4 

NACL3 

NACL2 

NACL1 

NACLO 

BATID 

Battery identification 
register 

04h 

R/W 

BATID 7 

BATID6 

BATID 5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

LMD 

Last measured 
discharge register 

05h 

R/W 

LMD 7 

LMD6 

LMD5 

LMD4 

LMD3 

LMD2 

LMD1 

LMDO 

FLGS2 

Secondary status flags 
register 

06h 

R 

RSVD 

DR2 

DR1 

DRO 

ENINT 

VQ 

RSVD 

OVLD 

PPD 

Program pin pull-down 
register 

07h 

R 

RSVD 

RSVD 

RSVD 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin pull-up 
register 

08h 

R 

RSVD 

RSVD 

RSVD 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

CPI 

Capacity 

inaccurate count register 

09h 

RAV 

CPI7 

CPI6 

CPI5 

CPI4 

CPI3 

CPI2 

CPI1 

CPIO 

VSB 

Battery voltage 
register 

Obh 

R 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 

VTS 

End-of-discharge thresh- 
old select register 

Och 

R/W 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTSO 

CACT 

Temperature and Dis- 
charge Rate compensated 
available capacity 

Odh 

R/W 

CACT7 

CACT6 

CACT5 

CACT4 

CACT3 

CACT2 

CACTI 

CACTO 

CACD 

Discharge Rate com- 
pensated available 
capacity 

Oeh 

R/W 

CACD7 

CACD6 

CACD5 

CACD4 

CACD3 

CACD2 

CACD1 

CACDO 

SAEH 

Scaled available energy 
high byte register 

Ofh 

R 

SAEH7 

SAEH6 

SAEH5 

SAEH4 

SAEH3 

SAEH2 

SAEH1 

SAEHO 

SAEL 

Scaled available energy 
low byte register 

lOh 

R 

SAEL7 

SAEL6 

SAEL5 

SAEL4 

SAEL3 

SAEL2 

SAEL1 

SAELO 

RCAC 

Relative CAC 

llh 

R 

- 

RCAC6 

RCAC5 

RCAC4 

RCAC3 

RCAC2 

RCAC1 

RCACO 

VSRH 

Current scale high 

12h 

R 

VSRH 7 

VSRH6 

VSRH5 

VSRH4 

VSRH3 

VSRH2 

VSRH1 

VSRHO 

VSRL 

Current scale low 

13h 

R 

VSRL7 

VSRL6 

VSRL5 

VSRL4 

VSRL3 

VSRL2 

VSRL1 

VSRLO 

NMCV 

Maximum cell voltage 

15h 

R/W 

NMCV7 

NMCV6 

NM.CV5 

NMCV4 

NMCV3 

NMCV2 

NMCV1 

NMCVO 

DCR 

Discharge register 

18h 

R/W 

DCR7 

DCR6 

DCR5 

DCR4 

DCR3 

DCR2 

DCR1 

DCRO 

PPFC 

Program pin data 

leh 

R/W 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

RSVD 

INTSS 

VOS Interrupt 

38h 

R 

RSVD 

RSVD 

RSVD 

RSVD 

DCHGI 

RSVD 

RSVD 

CHGI 

RST 

Reset register 

39h 

RAV 

RST 

0 

0 

0 

0 

0 

0 

0 

HEXFF 

Check register 

3£h 

RAV 

1 

1 

1 

1 

1 

1 

1 

1 


Notes: RSVD = reserved. 


All other registers not documented are reserved. 
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Command Code Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

(LSB) 


Primary Status Flags Register (FLGS1) 

The FLGS1 register (address = Olh) contains the pri- 
mary bq2050H flags. 

The charge status flag (CHGS) is asserted when a 
valid charge rate is detected. Charge rate is deemed 
valid when VsRO > VsRQ. A VsRO of less than VsRQ or 
discharge activity clears CHGS. 


The CHGS values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

CHGS 

- 

- 

- 

- 

- 

- 

- 


Where CHGS is: 


0 Either discharge activity detected or VsRO 
< VSRQ 

1 VSRO > VSRQ 


The battery replaced flag (BRP) is asserted whenever 
the bq2050H is reset either by application of Vcc or by a 
serial port command. BRP is reset when either a valid 
charge action increments NAC to be equal to LMD, or a 
valid charge action is detected after the EDV1 flag is as- 
serted. BRP = 1 signifies that the device has been reset. 


The BRP values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

BRP 

- 

- 

- 

- 

- 

- 


Where BRP is: 

0 Battery is charged until NAC = LMD or dis- 
charged until the EDV1 flag is asserted 

1 bq2050H is reset 

The protector status flag (PSTAT) provides information 
on the state of the overvoltage protector within the Li- 
Ion battery pack. The PSTAT flag is asserted whenever 
this input is high and is cleared when the input is low. 


The PSTAT values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 


- 

PSTAT 

- 

- 

- 

- 

- 


Where PSTAT is: 


0 PSTAT input is low (PSTAT < 0.5V) 


1 PSTAT input is high (PSTAT > 2.5V) 

The capacity inaccurate flag (Cl) is used to warn the 
user that the battery has been charged a substantial 
number of times since LMD has been updated. The Cl 
flag is asserted on the 64th charge after the last LMD 
update or when the bq2050H is reset. The flag is cleared 
after an LMD update. 



The Cl values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

Cl 

- 

- 

- 

- 


Where Cl is: 

0 When LMD is updated with a valid full dis- 
charge 

1 After the 64th valid charge action with no 
LMD updates or the bq2050H is reset 

The valid discharge flag (VDQ) is asserted when the 
bq2050H is discharged from NAC=LMD. The flag re- 
mains set until either LMD is updated or one of three 
actions that can clear VDQ occurs: 

■ When NAC has been reduced by more than 6% 
because of self-discharge since VDQ was set. 

■ A valid charge action sustained at VsRO > VsRQ for 
at least 2 NAC updates. 

■ The EDV 1 flag was set at a temperature below 0°C 


The VDQ values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

VDQ 

- 

- 

- 


Where VDQ is: 

0 Self-discharge of 6% of NAC, valid charge 
action detected, EDV 1 asserted with the 
temperature less than 0°C, or reset 

1 On first discharge after NAC = LMD 
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The first end-of- discharge warning flag (EDV1) 
warns the user that the battery is almost empty. The 
first segment pin, SEGi, is modulated at a 4Hz rate if 
the display is enabled once EDV1 is asserted, which 
should warn the user that loss of battery power is immi- 
nent. The EDV 1 flag is latched until a valid charge has 
been detected. The EDV1 threshold is externally con- 
trolled via the VTS register (see Voltage Threshold Reg- 
ister). 


The EDV1 values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

EDV1 

- 


Where ED VI is: 

0 Valid charge action detected, Vsb ^ Vts 

1 Vsb < Vts providing that the discharge rate 
is < 2C 

The final end-of discharge warning flag (EDVF) flag 
is used to warn that battery power is at a failure condi- 
tion. All segment drivers are turned off. The EDVF flag 
is latched until a valid charge has been detected. The 
EDVF threshold is set 25mV below the EDV1 threshold. 


The EDVF values are: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 

0 Valid charge action detected, Vsb ^ (Vts - 25mV) 

1 Vsb < (Vts -25mV) providing the discharge 
rate is < 2C 

Temperature Register (TMP) 

The TMP register (address=02h) contains the battery 
temperature. 

The bq2050H contains an internal temperature sensor. 
The temperature is used to set charge and discharge ef- 
ficiency factors as well as to adjust the self-discharge co- 
efficient. The temperature register contents may be 
translated as shown in Table 9. 


TMP Temperature Bits 

7 

6 

5 

4 

3 

2 


0 

TMP3 

TMP2 

TMP1 

TMPO 

- 

- 


- 


The bq2050H calculates the gas gauge bits, GG3-GG0 as a 
function of CACT and LMD. The results of the calculation 
give available capacity in y 16 increments from 0 to %• 


TMP Gas Gauge Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 


GG3 

GG2 

GG1 

GGO 


Table 9. Temperature Register 


TMP3 

TMP2 

TMP1 

TMPO 

Temperature 

0 

0 

0 

0 

T < -30°C 

0 

0 

0 

1 

-30°C < T < -20°C 

0 

0 

1 

0 

-20°C < T < -10°C 

0 

0 

1 

1 

-10°C < T < 0°C 

0 

1 

0 

0 

0°C < T < 10°C 

0 

1 

0 

1 

10°C < T < 20°C 

0 

1 

1 

0 

20°C < T < 30°C 

0 

1 

1 

1 

30°C < T < 40°C 

1 

0 

0 

0 

40°C < T < 50°C 

1 

0 

0 

1 

50°C < T < 60°C 

1 

0 

1 

0 

60°C < T < 70°C 

1 

0 

1 

1 

70°C < T < 80°C 

1 

1 

0 

0 

T > 80°C 


Nominal Available Capacity Registers 
(NACH/NACL) 

The NACH high-byte register (address=03h) and the 
NACL low-byte register (address=17h) are the main gas 
gauging registers for the bq2050H. The NAC registers are 
incremented during charge actions and decremented dur- 
ing discharge and self-discharge actions. NACH and 
NACL are set to 0 during a bq2050H reset. 

Writing to the NAC registers affects the available charge 
counts and , therefore , affects the bq2050H gas gauge opera- 
tion. Do not write the NAC registers to a value greater than 
LMD. 

Battery Identification Register (BATID) 

The BATID register (address=04h) is available for use 
by the system to determine the type of battery pack. 
The BATID contents are retained as long as Vrbi is 
greater than 2V. The contents of BATID have no effect 
on the operation of the bq2050H. There is no default 
setting for this register. 
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Last Measured Discharge Register (LMD) 

LMD is the register (address=05h) that the bq2050H 
uses as a measured full reference. The bq2050H adjusts 
LMD based on the measured discharge capacity of the 
battery from full to empty. In this way the bq2050H up- 
dates the capacity of the battery. LMD is set to PFC 
during a bq2050H reset. 

LMD is set to DCR upon the first valid charge after EDV 
is set if VDQ is set. 

If DCR < 0.94 LMD, then LMD is set to 0.94 * LMD. 

Secondary Status Flags Register (FLGS2) 

The FLGS2 register (address=06h) contains the secon- 
dary bq2050H flags. 

Bit 7 and bit 1 of FLGS2 are reserved. Do not write to 
these bits. 


The discharge rate flags, DR2-0, are bits 6-4. 


FLGS2 Bits I 

7 

6 

5 

4 1 3 1 2 1 1 

0 

- 

DR2 

DR1 

DRO 

- 

- 

- 



They are used to determine the current discharge re- 
gime as follows: 


DR2 

DR1 

DRO 

Discharqe Rate 

0 

0 

0 

DRATE < 0.5C 

0 

0 

1 

0.5C < DRATE < 2C 

0 

1 

0 , 

2C < DRATE 


The enable interrupt flag (ENINT) is a test bit used to 
determine Vsr activity sensed by the bq2050H. The 
state of this bit will vary and should be ignored by the 
system. 


FLGS2 Bits 1 

7 1 6 

5 

4 3 

2 

1 

0 

- 

- ENINT 

- 

- 



The valid charge flag (VQ), bit 2 of FLGS2, is used to 
indicate whether the bq2050H recognizes a valid charge 
condition. This bit is reset on the first discharge after 
NAC = LMD. 


The VQ values are: 


i FLGS2 Bits 

7 

6 

5 

4 3 

2 

1 

0 

- 


- 

- 1 - 

VQ 




Where VQ is: 

0 Valid charge action not detected between a 
discharge from NAC = LMD and EDV1 

1 Valid charge action detected 

The overload flag (OVLD) is asserted when a discharge 
rate in excess of 2C is detected. OVLD remains asserted 
as long as the condition persists and is cleared 0.5 sec- 
onds after the rate drops below 2 C. The overload condi- 
tion is used to stop sampling of the battery terminal char- 
acteristics for end-of-discharge determination. 


FLGS2 Bits 

7 

6 

5 

4 

3 

2 1 1 

0 

- 

- 

- 

- 

- 



OVLD 


Program Pin Pull-Down Register (PPD) 

The PPD register (address=07h) contains some of the pro- 
gramming pin information for the bq2050H. The segment 
drivers, SEGi- 5 , have a corresponding PPD register loca- 
tion, PPD 1 - 5 . A given location is set if a pull-down resis- 
tor has been detected on its corresponding segment driver. 
For example, if SEGi and SEG 4 have pull-down resistors, 
the contents of PPD are xxxOlOOl. 

Program Pin Pull-Up Register (PPU) 

The PPU register (address=08h) contains the rest of the 
programming pin information for the bq2050H. The seg- 
ment drivers, SEGi_ 5 , have a corresponding PPU register 
location, PPU 1 - 5 . A given location is set if a pull-up resis- 
tor has been detected on its corresponding segment driver. 
For example, if SEG 3 and SEG 5 have pull-up resistors, the 
contents of PPU are xxxlOlOO. 


PPD/PPU Bits 

7 

6 

5 

4 

3 

2 

1 

0 

RSVD 

RSVD 

RSVD 

PPU 5 

PPU 4 

CO 

PPU 2 

PPUl 

RSVD 

RSVD 

RSVD 

PPDg 

ppd 4 

PPD 3 

PPD 2 

PPDi 


Capacity Inaccurate Count Register (CPI) 

The CPI register (address=09h) is used to indicate the 
number of times a battery has been charged without an 
LMD update. Because the capacity of a rechargeable 
battery varies with age and operating conditions, the 
bq2050H adapts to the changing capacity over time. A 
complete discharge from full (NAC=LMD) to empty 
(EDV1=1) is required to perform an LMD update assum- 
ing there have been no intervening valid charges, the 
temperature is greater than or equal to 0 °C, and there 
has been no more than a 6% self-discharge reduction. 
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The CPI register is incremented every time a valid 
charge is detected. When NAC > 0.94 * LMD, however, 
the CPI register increments on the first valid charge; 
CPI does not increment again for a valid charge until 
NAC < 0.94 * LMD. This prevents continuous trickle 
charging from incrementing CPI if self-discharge decre- 
ments NAC. The CPI register increments to 255 with- 
out rolling over. When the contents of CPI are incre- 
mented to 64, the capacity inaccurate flag, Cl, is as- 
serted in the FLGS1 register. The CPI register is reset 
whenever an update of the LMD register is performed, 
and the Cl flag is also cleared. 

Battery Voltage Register (VSB) 

The battery voltage register is used to read the single-cell 
battery voltage on the SB pin. The VSB register (address 
= OBh) is updated approximately once per second with the 
present value of the battery voltage. 

Vsb = 1.2V*(VSB/256). 


VSB Register Bits 

7 

6 

5 

4 

3 

2 

1 

0 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSB0 


Voltage Threshold Register (VTS) 

The end-of-discharge threshold voltages (EDV1 and 
EDVF) can be set using the VTS register (address = 
OCh). The VTS register sets the EDV1 trip point. EDVF 
is set 25mV below EDV1. The default value in the VTS 
register is A2h, representing EDV1 = 0.76V and EDVF = 
0.735V. EDV1 = 1.2V * (VTS/256). 


VTS Register Bits 

7 

6 

5 

4 

3 

2 

1 

0 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTS0 


Compensated Available Charge Registers 
(CACT/CACD) 

The CACD register (address = OEh) contains the NAC 
value compensated for discharge rate. This is a mono- 
tonicly decreasing value during discharge. If the dis- 
charge rate is > 0.5C then this value is lower than NAC. 
CACD is updated only when the discharge rate compen- 
sated NAC value is a lower value than CACD during 
discharge. During charge, CACD is continuously up- 
dated with the NAC value. 

The CACT register (address = ODh) contains the CACD 
value compensated for temperature. CACT will contain 
a value lower than CACD when the battery temperature 
is below 10°C. The CACT value is also used in calculat- 
ing the LED display pattern. 


Scaled Available Energy Registers 
(SAEH/SAEL) 

The SAEH high-byte register (address = OFh) and the 
SAEL low-byte register (address = lOh) are used to scale 
battery voltage and CACT to a value that can be trans- 
lated to watt-hours remaining under the present condi- 
tions. 

Relative CAC Register (RCAC) 

The RCAC register (address = llh) provides the relative 
battery state-of-charge by dividing CACT by LMD. 
RCAC varies from 0 to 64h representing relative state- 
of-charge from 0 to 100%. 

Current Scale Register (VSRH/VSRL) 

The VSRH register (address = 12h) and the VSRL regis- 
ter (address = 13h) report the average signal across the 
SR and Vss pins. The bq2050H updates this register 
pair every 22.5s. VsRH (high-byte) and VsRL (low-byte) 
form a 16-bit signed integer value representing the av- 
erage current during this time. The battery pack current 
can be calculated from: 

I(mA) = (VSRH * 256 + Vsrl)/(8 *Rs) 

where: 

Rs = sense resistor value in G. 

VsRH = high-byte value of battery current 
VsRL = low-byte value of battery current 

The bq2050H indicates an average discharge current 
with a “1” in the MSB position of the VSRH register. To 
calculate discharge current, use the 2’s complement if 
the concatenated register contents in the above equa- 
tion. 
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Maximum Cell Voltage Register (NMCV) 


The NMCV register (address 15h) is used to set the 
maximum battery pack voltage for control of the CFC 
pin. If desired, the system can write a value to NMCV to 
enable CFC to go low if Vsb exceeds this value. This 
may be useful as a secondary protection of the Li-Ion 
battery pack. NMCV should be set to the following 
equation: 


NMCV = 2s complement of 


' 256 *MCV*RB2 
1.2 *(RB1 + RB2) 


Where: 

MCV = maximum desired battery stack voltage. 

NMCV = set to OOh on power up or reset and 
should be programmed to the desired value 
by the host system. 

Discharge Count Register (DCR) 

The DCR register (address = 18h) stores the high-byte of 
the discharge count. DCR is reset to zero at the start of 
a valid discharge cycle and can count to a maximum of 
FFh. DCR will not increment if EDV1 = 1 and will not 
roll over from FFh. 

Program Pin Full Count (PPFC) 

The PPFC register contains information concerning the 
program pin configuration. This information is used to 
determine the data integrity of the bq2050H. The only 
approved user application for this register is to 
write a zero to this register as part of a reset re- 
quest. 

Voltage Offset (Vos) Interrupt (INTSS) 

The INTSS register (address = 38h) is useful during in- 
tial characterization of bq2050H designs. When the 
bq2050H counts a charge pulse, CHGI (bit 0) will be set 
to 1. When the bq2050H counts a discharge pulse, 
DCHGI (bit 3) will be set to 1. All other locations in the 
INTSS register are reserved. 

Reset Register (RST) 

The reset register (address = 39h) provides an alternate 
means of initializing the bq2050H via software. Since this 
register contains device test bits, it is recommended to use 
the PPFC and LMD registers to reset the bq2050H. Set- 
ting any bits in the reset register is not allowed and 
will result in improper bq2050H operation. The rec- 
ommended reset method for the bq2050H is : 

■ Write PPFC to zero 

■ Write LMD to zero 


After these operations, a software reset will occur. 
Resetting the bq2050H sets the following: 

■ LMD = PFC 

■ CPI, VDQ, RCAC, NACH/L, CACH/L, SAEH/L, 
NMCV = 0 

■ Cl and BRP = 1 

Check Register (HEXFF) 

The HEXFF register (address = 3F) is useful in de- 
terming if the device is a bq2050H or a bq2050. This 
register is always set to FFh for the bq2050H. The 
bq2050 returns data other than FFh. 

Display 

The bq2050H can directly display capacity information 
using low-power LEDs. If LEDs are used, the program 
pins should be resistively tied to Vcc or Vss for a pro- 
gram high or program low, respectively. 

The bq2050H displays the battery charge state in relative 
mode. In relative mode, the battery charge is represented 
as a percentage of the LMD. Each LED segment repre- 
sents 20% of the LMD. 

The capacity display is also adjusted for the present battery 
temperature and discharge rate. The temperature adjust- 
ment reflects the available capacity at a given temperature 
but does not affect the NAC register. The temperature adjust- 
ments are detailed in the CACT and CACD register descrip- 
tions. 

When DISP is tie d to Vcc, the SEGi -5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the bq2050H detects a charge in progress 
VsRO > VsRQ. When pulled low, the segment outputs be- 
come active for a period of four seconds, ± 0.5 seconds. 

The segment outputs are modulated as two banks, with seg- 
ments 1, 3, and 5 alternating with segments 2 and 4. The 
segment outputs are modulated at approximately 100Hz with 
each segment bank active for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below Vedvi (EDV1 = 1), indicating a low- 
battery condition. Vsb below VedVF (EDVF = 1) disables 
the display output. 

Microregulator 

A micropower source for the bq2050H can be inexpen- 
sively built using a FET and an external resistor. (See 
Figure 1.) 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

Vcc+0.7 

V 

lOOkO series resistor should be used 
to protect SR in case of a shorted bat- 
tery. 

Topr 

Operating temperature 

0 

+70 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limits for extended periods of time may affect device reli- 
ability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

VEDVl 

First empty warning 

0.73 

0.76 

0.79 

V 

SB, default 

Vedvf 

Final empty warning 

VEDVl - 0.035 

VEDVl - 0.025 

VEDVl - 0.015 

V 

SB, default 

VsRO 

SR sense range 

-300 

- 

+500 

mV 

SR, Vsr + VOS 

VSRQ 

Valid charge 

250 

- 

- 


Vsr + Vos (see note) 

VSRD 

Valid discharge 


- 

-250 

Jiv 

Vsr + Vos (see note) 

VMCV 

Maximum SB voltage 

1.10 

1.12 

1.15 

V 

SB pin 


Note: VOS is affected by PC board layout. Proper layout guidelines should be followed for optimal performance. 

See “Layout Considerations.” 
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DC Electrical Characteristics (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vos 

Offset referred to Vsr 


±50 

±150 

HV 

DISP = VCC 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

W 

H 

II 

-g 1 

> 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

IREF = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 


MQ 

Vref = 3V 

icc 

Normal operation 

_ 

90 

135 


Vcc = 3.0V, HDQ = 0 

- 

120 

180 

juA 

Vcc = 4.25V, HDQ = 0 

_ 

170 

250 

M-A 

Vcc = 6.5V, HDQ = 0 

Vsb 

Battery input 

0 

_ 

Vcc 

V 


RSBmax 

SB input impedance 

10 

_ 

_ 

MQ 

o < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

|iA 

VDISP = Vss 

Ilcom 

LOOM input leakage 

-0.2 

- 

0.2 

(JA 

DISP = Vcc 

Irbi 

RBI data retention current 

_ 

- 

100 

nA 

VRBI > Vcc < 3V 

Rhdo 

Internal pulldown 

500 

- 

. 

KQ 


Rsr 

SR input impedance 

10 

_ 

_ 

MQ 

-200mV < Vsr < Vcc 

ViHPFC 

Logic input high 

Vcc - 0.2 

_ 

_ 

V 

PROGi-5 

ViLPFC 

Logic input low 

. 

_ 

Vss + 0.2 

V 

PROGi-5 

ViZPFC 

Logic input Z 

float 

- 

float 

V 

PROGi-5 

VOLSL 

SEG output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, IOLS ^ 1.75mA 
SEG 1 -SEG 5 , CFC 

VOLSH 

SEG output low, high Vcc 

- 

0.4 


V 

Vcc = 6.5V, IoLS ^ 11.0mA 
SEG 1 -SEG 5 , CFC 

VOHML 

LOOM output high, low Vcc 

Vcc - 0.3 

- 

_ 

V 

Vcc = 3V, lOHLCOM = -5.25mA 

VOHMH 

LOOM output high, high Vcc 

Vcc - 0.6 

_ 

_ 

V 

VCC > 3.5V, lOHLCOM = -33.0mA 

IOLS 

SEG sink current 

11.0 

_ 

_ 

mA 

At VOLSH = 0.4V, VCC = 6.5V 

IOL 

Open-drain sink current 

5.0 

- 

. 

mA 

At VoL = Vss + 0.3V, HDQ 

VOL 

Open-drain output low 

- 

_ 

0.3 

V 

IOL ^ 5mA, HDQ 

VlHDO 

HDQ input high 

2.5 

- 

- 

V 

HDQ 

ViLDO 

HDQ input low 

_ 

- 

0.8 

V 

HDQ 

VlH 

Logic input high 

2.5 

_ 

_ 

V 

PSTAT 

VlL 

Logic input low 

_ 

_ 

0.5 

V 

PSTAT 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

KQ 

PROG 1-5 

Rfloat 

Float state external impedance 

- 

5 

- 

MQ 

PROG 1-5 


Note: All voltages relative to VsS- 
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High-Speed Serial Communication Timing Specification (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2050H (write) 

190 

- 

- 

ps 

See note 

tCYCB 

Cycle time, bq2050H to host (read) 

190 

205 

250 

ps 


tSTRH 

Start hold, host to bq2050H (write) 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2050H to host (read) 

32 

- 

. 

ps 


tDSU 

Data setup 

- 

- 

50 

ps 


tDSUB 

Data setup 

- 


50 

ps 


tDH 

Data hold 

90 

_ 

- 

ps 


tDV 

Data valid 

- 

- 

80 

ps 


tssu 

Stop setup 

- 

- 

145 

ps 


tSSUB 

Stop setup 

- 

- 

145 

ps 


tRSPS 

Response time, bq2050H to host 

190 

- 

320 

ps 


tB 

Break 

190 

_ 

- 

ps 


tBR 

Break recovery 

40 

- 

- 

ps 



Note: The open-drain HDQ pin should be pulled to at least Vcc by the host system for proper HDQ operation. 

HDQ may be left floating if the serial interface is not used. 
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Break Timing 



X ^ 


<- *BR 


TD201803.eps 


Write "1" 

i i i 


Write "O' 
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Data Sheet Revision History 


ChangeNo. 

Page No. 

Description of Change 

1 

All 

“Final” changes from “Preliminary” version 

2 

8 

Digital magnitude filter changed from 200jiiV to 250|LiV. 

2 

18 

VSRQ changed from 200pV(min) to 250pV(min). 

2 

18 

VSRD changed from -200pV(max) to -250pV(max). 

3 

3 

Updated application diagram 

3 

12 

Changed designation on appropriate locations from “R/W” to “R” 

3 

16 

Clarified current scale register description 

3 

18 

Changed VSRO max. from +2000mV to +500mV 

3 

19 

Changed VoL max. from 0.5V to 0.3V 

3 

20 

Changed tssUB max. from 95ps to 145ps 


Notes: Change 1 = Aug. 1997 B changes from June 1996 “Preliminary.” 

Change 2 = June 1998 C changes from Aug. 1997 B. 

Change 3 = May 1999 D changes from June 1998 C. 


Ordering Information 


bq2050H 


Temperature Range: 

blank = Commercial (0 to +70°C) 


Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2050H Power Gauge IC 
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UNIT RODE 


Features 

> Accurate measurement of avail- 
able capacity in Lithium primary 
batteries such as Lithium Sul- 
phur Dioxide and Lithium Man- 
ganese Dioxide 

>■ Provides a low-cost battery moni- 
tor solution for pack integration 

- Complete circuit can fit less 
than 1 square inch of PCB 
space 

- Low operating current 

- Less than lOOnA of data 
retention current 

> Single-wire communication inter- 
face (HDQ bus) for critical battery 
parameters 

> Communicates remaining capac- 
ity with direct drive of LEDs in 3 
selectable modes 

>* Measurements automatically 
compensated for discharge rate 
and temperature 

> 16-pin narrow SOIC 



Preliminary bq2052 

Gas Gauge 1C 
for Lithium Primary Cells 


General Description 

The bq2052 Lithium Primary Gas 
Gauge IC is intended for bat- 
tery-pack or in-system installation 
to maintain an accurate record of 
available battery capacity The IC 
monitors a voltage drop across a 
sense resistor connected in series 
with the cells to determine dis- 
charge activity of the battery. The 
bq2052 applies compensations for 
battery temperature and discharge 
rate to the available charge counter 
to provide available capacity infor- 
mation across a wide range of oper- 
ating conditions. 

Compensated available capacity 
may be directly indicated using an 
LED display. The LED display is 
programmable and can be config- 
ured as two, four, or five segments. 
These segments are used to depict 
available battery capacity. The 
bq2052 supports a single-wire serial 


communications link to an external 
micro-controller. The link allows 
the micro-controller to read and 
write the internal registers of the 
bq2052. The internal registers in- 
clude available battery capacity, 
voltage, temperature, current, and 
battery status. The controller may 
also overwrite some of the bq2052 
gas gauge data registers. 

The bq2052 can operate from the 
batteries in the pack. The REF out- 
put and an external FET provide a 
simple, inexpensive voltage regula- 
tor to supply power to the circuit 
from the cells. 


Pin Connections 


LCOM Q 

^ 

1 

ZP 

16 

□ vcc 

SEG-i/PROGi 

2 

15 

2\ REF 

SEG2/PROG2 \Z. 

3 

14 

^]CP 

SEG3/PROG3 [2 

4 

13 

m HDQ 

SEG4/PROG4 Q 

5 

12 

RBI 

SEG5/PROG5 Q 

6 

11 

HI SB 

prog6 q 

7 

10 

2] DISP 

vssE 

8 

9 

SR 

16-Pin Narrow SOIC 

PN2052H1.eps 
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Pin Names 



LCOM 

LED common output 

V ss 

System ground 

SEGi/PROGj 

LED segment 1/ 
program 1 input 

SR 

Sense resistor input 

SEG1/PROG2 

LED segment 2/ 

DISP 

Display control input 


program 2 input 

SB 

Battery sense input 

SEG1/PROG3 

LED segment 3/ 
program 3 input 

RBI 

Register backup input 

SEG1/PROG4 

LED segment 4/ 
program 4 input 

HDQ 

Serial communications 
input/output 

SEG1/PROG5 

LED segment 5/ 

PROG 6 

Program 6 input 


program 5 input 

REF 

Voltage reference output 

CP 

Control port 

Vcc 

Supply voltage 
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bq2052 Preliminary 


Pin Descriptions 

LOOM LED common output 

This open-drain output switches Vcc to 
source current for the LEDs. The switch is 
off during initialization to allow reading of 
the soft pull-up or pull-down program resis- 
tors. LCOM is also high impedance when the 
display is off. 

SEGi- LED display segment outputs (dual func- 

SEG5 tion with PROG1-PROG5) 

Each output may activate an LED to sink 
the current sourced from LCOM. 

PROGi- Programmed full count selections 
PROG2 

These three-level input pins define the pro- 
grammed full count. 

PROG3 Power gauge scale selection inputs (dual 
function with SEG3-SEG4) 

This three-level input pin defines the scale 
factor. 

PROG4 Programmed compensation factors 

This three-level input pin defines the bat- 
tery discharge compensation factors. 

PROG5 Programmed display mode 

This three-level input pin defines the capac- 
ity indication display mode. 

PROG6 Programmed initial capacity state 

This input defines the initial battery capac- 
ity indication state. When tied to Vcc, the 
bq2052 sets the available capacity to full on 
reset. When tied to Vss, the bq2052 sets the 
available capacity to zero on reset. 

VSS Ground 
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SR Sense resistor input 

The voltage drop (Vsr) across the sense resis- 
tor Rs is monitored and integrated over time 
to interpret discharge activity. Vsr > Vss in- 
dicates discharge. The effective voltage drop, 
VsRO, as seen by the bq2052 is Vsr + Vos • 

DISP Display control input 

DISP high disables the LED display. DISP 
tied to Vcc (no display LEDs in the circuit) 
allows PROGx to connect directly to Vcc or 
Vss instead of t hrou gh a pull-up or 
pull-down resistor. DISP low activates the 
display. 

SB Secondary battery input 

This input monitors the battery cell voltage 
potential through a high-impedance resis- 
tive divider network for the end-of-discharge 
voltage (EDV) thresholds. 

RBI Register backup input 

This pin is used to provide backup potential to 
the bq2052 registers during periods when Vcc 
< 3V. A storage capacitor or a battery can be 
connected to RBI. 

HDQ Serial communication input/output 

This is the open-drain bidirectional commu- 
nications port. 

CP Control port 

This open drain output may be controlled by 
serial port commands and its state is re- 
flected in the CPIN bit in FLGS1. 

REF Voltage reference output for regulator 

REF provides a voltage reference output for 
an optional micro-regulator. 

Vcc Supply voltage input 
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Preliminary bq2052 


Functional Description 

General Operation 

The bq2052 determines battery capacity by monitoring 
the amount of charge removed from a primary battery 
The bq2052 measures discharge currents and battery 
voltage, monitors the battery for the low battery-voltage 
thresholds, and compensates available capacity for tem- 
perature and discharge rate. The bq2052 measures ca- 
pacity by monitoring the voltage across a small-value se- 
ries sense resistor between the negative battery termi- 
nal and ground. 

Figure 1 shows a typical battery pack application of the 
bq2052 using the LED display capability as a 
charge-state indicator. The bq2052 displays capacity 
with two, four, or five LEDs using the programmed full 
count (PFC) as the battery’s “full” reference. The bq2052 
has a push-button input for momentarily enabling the 
LED display. 


Measurements 

The bq2052 uses a voltage-to-frequency converter (VFC) 
for discharge measurement and an analog-to-digital con- 
verter (ADC) for battery voltage measurement. 

Discharge Counting 

The VFC measures the discharge flow of the battery by 
monitoring a small value sense resistor between the SR 
pin and Vss as shown in Figure 1. The bq2052 detects 
“discharge” activity when the potential at the SR input, 
VsRO, is positive. The bq2052 integrates the signal over 
time using an internal counter. The fundamental rate of 
the counter is 3.125pVh. The VFC measures signals up 
to 0.5V in magnitude. 

Digital Magnitude Filter 

The bq2052 has a digital filter to eliminate discharge 
counting below a set threshold. The minimum discharge 
threshold, VsRD, for the bq2052 is 250pV. 



(6.0V nominal and should not exceed 6.5V). 

Otherwise, R1 , Cl , and Q1 are needed for regulation of > 2 cells. 

3. Programming resistors and ESD-protection diodes are not shown. 

4. R-C on SR is required. 

5. A series diode is required on RBI if the bottom series cell is used as the backup source. FG2 

If the cell is used, the backup capacitor is not required, and the anode is connected to the 

positive terminal of the cell. 

Figure 1 . Application Diagram — 5-Segment LED Display 
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Table 1. bq2052 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


Voltage Monitoring and Thresholds 

In conjunction with monitoring the SR input for dis- 
charge currents, the bq2052 monitors the battery poten- 
tial through the SB pin. The voltage at the SB pin, Vsb, 
is developed through a high impedance resistor network 
connect across the battery. The bq2052 monitors the 
voltage at the SB pin and reports the voltage in the VSB 
register (address = Obh). 

The bq2052 compares the VsB reading to two 
end-of-discharge voltage (EDV) thresholds. The EDV 
threshold levels are used to determine when the battery 
has reached an “empty” state. The EDV thresholds for 
the bq2052 are programmable with the default values 
fixed at: 

EDV1 (first) = 0.76V 
EDVF (final) = EDV1 - 0.10V = 0.66V 

If Vsb is below either of the two EDV thresholds for 8 
consecutive samples over a 4 second period, the bq2052 
sets the associated flag in the FLGSl register (address = 
Olh). Once set, the EDV flags remain set, independent 

of Vsb- 


Temperature 

The bq2052 has an internal temperature sensor to mea- 
sure temperature. The bq2052 determines the tempera- 
ture and stores it in the TEMP register (address = 02h). 
The bq2052 uses temperature to adapt remaining capac- 
ity for the battery’s discharge efficiency. 

Gas Gauge Operation 

General 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2052. The bq2052 accumu- 
lates a measure of discharge currents and calculates 
available capacity. The bq2052 compensates available 
capacity for discharge rate and temperature and pro- 
vides the information in the Compensated Available Ca- 
pacity (CAC) registers (address = Oeh-Ofh). The main 
counter, Discharge Count Register (DCR) (address = 
2eh), represents the cumulative amount of charge re- 
moved from the battery. Battery discharging increments 
the DCR register. 


Inputs 


Main Counters 


Discharge 

Rate and 

Curr 

ent 

Temperature 

1 



Efficiency 



Factor 



Full Nominal 



Available Charge 


+ 

(FNAC) 



i + 

Discharge 

Compensated 

Count ► 

Available 

Register 

Capacity — 

(DCR) 

(CAC) 


Complete 
Data Set 


Chip-Controlled Serial Port 

Outputs Available Charge 

LED Display 

FG2052.eps 


Figure 2. Operational Overview 
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Table 2. bq2052 Programmed Full Count mVh 


PROGx 

Programmed 

Full Count 
(PFC) 

PROG3 

Units 

1 

2 

H 

Z 

L 

- 

- 


SCALE = 

1/40 

SCALE = 

1/80 

SCALE = 
1/160 

mVh/ 

count 

H 

H 

48128 

1203 

602 

301 

mVh 

H 

Z 

46080 

1152 

576 

288 

mVh 

H 

L 

43264 

1082 

541 

271 

mVh 

Z 

H 

39936 

998 

499 

250 

mVh 

Z 

Z 

38400 

960 

480 

240 

mVh 

Z 

L 

36096 

902 

451 

226 

mVh 

L 

H 

31744 

794 

397 

199 

mVh 

L 

Z 

28928 

723 

362 

181 

mVh 

L 

L 

26112 

653 

327 

164 

mVh 


Main Gas-Gauge Registers 

Programmed Full Count 

The PFC register stores the user-specified battery full 
capacity. The 8-bit PFC registers stores the full capacity 
in mVh scaled as shown in Table 2. 

Full Nominal Available Capacity 

The FNAC register stores the full capacity reference of 
the battery It can be programmed to initialize to PFC 
or zero. The 8-bit FNAC register stores data scaled to 
the same units as PFC. The bq2052 does not update 
FNAC during the course of operation; therefore, if it is 
programmed to 0 on initialization, it must be written to 
full using the serial port. 

Discharge Count Register 

The DCR is the main gas gauging register and contains 
the cumulative amount of discharge counted by the 
bq2052. The 16-bit register stores data scaled to the 
same units as PFC. 

Compensated Available Capacity 

The CAC registers contain the current available capac- 
ity of the battery. The data stored in CAC represents 
the amount of remaining capacity of the battery compen- 
sated for rate and temperature use conditions. Tables 3, 
4, and, 5 outline the options for typical efficiency com- 
pensation factors for lithium primary batteries. The 
bq2052 applies the efficiency factors to FNAC to derive 
CAC. 


The bq2052 applies the compensation according to the 
formula: 

CAC = [Fce * FNAC] - DCR 

Where FcE is the calculated efficiency compensation 
factor, FNAC = Full Nominal Available Capacity and 
DCR = Discharge Count Register. 

The bq2052 calculates an Fce based on the battery dis- 
charge rate and temperature. The discharge rate por- 
tion of the Fce compensation is a “peak hold” function; 
therefore, the bq2052 latches the highest discharge rate 
it has measured and uses the highest rate to calculate 
Fce throughout the complete discharge cycle. The 
highest discharge rate measured by the bq2052 is stored 
in MRATE (address = 12h). 

The bq2052 does not latch the temperature portion of an 
Fce calculation. Therefore, CAC may increase or de- 
crease during the course of a complete discharge cycle if 
a temperature shift causes a change in the calculated 
Fce value. 

Programming the bq2052 

The bq2052 is programmed with the PROGi-6 pins. 
During power-up or initialization, the bq2052 reads the 
state of these six three-level inputs and latches in the 
programmable configuration settings. 
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Programmable Configuration Settings 

Design Capacity 

The battery’s rated design capacity or Programmed Full 
Count (PFC) is programmed with the PROG 1 -PROG 3 
pins as shown in Table 2, and represents the battery’s 
full reference. 

The correct PFC may be determined by multiplying the 
rated battery capacity in mAh by the sense resistor 
value: 

Battery capacity (mAh) * sense resistor (Q) = PFC 
(mVh) 

Selecting a PFC slightly less than the rated capacity 
provides a conservative capacity reference. The bq2052 
stores the selected PFC in the PFC register (address = 
lOh). 

Discharge Rate and Temperature Compensation 

The discharge rate and temperature compensations are se- 
lected using the PROG 4 pin. The level of PROG 4 on 
power-up or initialization determines which compensation 
table the bq2052 uses for the discharge cycle. The following 
tables illustrate the calculated efficiency compensation fac- 
tors at selected discharge rates and temperatures. 

Table 3. Discharge Efficiency Factor Table 
PROG4 = Z 


TEMP 

Dischar 

□e Rage 

0 

C/80 

C/25 

C/10 

C/5 

C/3 

-20 

97 

99 

96 

92 

85 

81 

-10 

98 

98 

97 

94 

89 

85 

0 

98 

98 

97 

94 

90 

87 

21 

99 

99 

98 

96 

92 

89 

55 

99 

99 

98 

96 

93 

90 

70 

99 

99 

98 

96 

93 

90 


Table 4. Discharge Efficiency Factor Table 
PROG4 = L 



Dischar 

ge Rage 

TEMP 

0 

C/80 

C/25 

C/10 

C/5 

C/3 

-20 

87 

85 

80 

70 

53 

50 

-10 

93 

91 

88 

80 

68 

51 

0 

96 

94 

91 

85 

74 

60 

21 

99 

97 

95 

89 

81 

68 

55 

100 

99 

97 

92 

85 

74 

70 

101 

100 

98 

93 

86 

76 


Table 5. Discharge Efficiency Factor Table 
PROG4 = H 


TEMP 

Dischar 

ge Rage 

0 

C/80 

C/25 

C/10 

C/5 

C/3 

-20 

92 

93 

92 

88 

83 

75 

-10 

98 

98 

97 

93 

89 

81 

0 

100 

100 

99 

96 

91 

84 

21 

104 

104 

102 

99 

95 

88 

55 

106 

106 

105 

100 

97 

90 

70 

107 

107 

105 

101 

98 

91 


Display Mode 

The display mode is selected using the PROG 5 pin. The 
three options include a two, four, or five segment display 
mode as described in Tables 7, 8 , and 9. 

Initial Capacity Setting 

The PFC value is copied to the FNAC register if PROG 6 
is programmed high, otherwise FNAC defaults to 0 . 
FNAC may be written to the desired full capacity to ini- 
tialize the pack manually. 

Programming Example 

Given: 

Sense resistor = 0.05mG 
Number of cells = 5 in series 
Capacity = 7000mAh, 

Chemistry = LiSC >2 

Discharge current range = 250mA to 2A 

Voltage drop over sense resistor = 12.5mV to lOOmV 

Display mode = 5 segment bar graph display 

Therefore: 

7000mAh * 0.05 = 350mVh 
Select: 

PFC = 26112 counts or 327mVh 
PROGi = low 
PROG 2 = low 
PROG 3 = float 

PROG 4 = float, high, or low depending on desired com- 
pensation factors 

PROG 5 = float selects five segment display 
PROGe = high sets FNAC to PFC 

With these selections, the full battery capacity is 
327mVh (6540mAh). 
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Table 6. bq2052 Command and Status Registers 


Symbol 

Register Name 

Loc. 

(hex) 

Read/ 

Write 

Control Field 


7 

6 

5 

4 

3 

2 

1 

0 

CMDWD 

Command word 

00h 

W 

CMD7 

CMD6 

CMD5 

CMD4 

CMD3 

CMD2 

CMD1 

CMDO 

FLGS1 

Primary status flags 

Olh 

R 

INIT 

RSVD 

RSVD 

CPIN 

RSVD 

RSVD 

EDV1 

EDVF 

TEMP 

Temperature (°C) 

02h 

R 

TEMP7 

TEMP6 

TEMP5 

TEMP4 

TEMP3 

TEMP2 

TEMPI 

TEMPO 

NAC 

Nominal available 
capacity 

03h 

R/W 

NAC7 

NAC6 

NAC5 

NAC4 

NAC3 

NAC 2 

NAC1 

NACO 

BATID 

Batteiy identification 

04h 

R/W 

BATID7 

BATID6 

BATID5 

BATID4 

BATID3 

BATID2 

BATID 1 

BATIDO 

VSRL 

Current scale (Low) 

05h 

R 

VSRL7 

VSRL6 

VSRL5 

VSRL4 

VSRL3 

VSRL2 

VSRL1 

VSRLO 

VSRH 

Current scale (High) 

06h 

R 

VSRH7 

VSRH6 

VSRH5 

VSRH4 

VSRH3 

VSRH2 

VSRH1 

VSRHO 

PPD 

Program pin pull- 
down 

07h 

R 

RSVD 

RSVD 

PPD6 

PPD5 

PPD4 

PPD3 

PPD2 

PPD1 

PPU 

Program pin pull-up 

08h 

R 

RSVD 

RSVD 

PPU6 

PPU5 

PPU4 

PPU3 

PPU2 

PPU1 

VSB 

Battery voltage 
register 

Obh 

R 

VSB7 

VSB6 

VSB5 

VSB4 

VSB3 

VSB2 

VSB1 

VSBO 

VTS 

End-of-discharge 
threshold select 
register 

Och 

R/W 

VTS 7 

VTS6 

VTS5 

VTS4 

VTS3 

VTS2 

VTS1 

VTSO 

RCAC 

Relative compensated 
capacity 

Odh 

R 

RSVD 

RCAC6 

RCAC 5 

RCAC4 

RCAC 3 

RCAC2 

RCAC1 

RCACO 

CACL 

Compensated avail- 
able capacity low byte 

Oeh 

R 

CACL7 

CACL6 

CACL5 

CACL4 

CACL3 

CACL2 

CACL1 

CACLO 

CACH 

Compensated available 
capacity high byte 

Ofh 

R 

CACH7 

CACH6 

CACH5 

CACH4 

CACH3 

CACH2 

CACH1 

CACHO 

PFC 

Program pin full count 

10h 

R 

PFC 7 

PFC6 

PFC5 

PFC4 

PFC 3 

PFC 2 

PFC1 

PFCO 

FNAC 

Full nominal 
available capacity 

llh 

R/W 

FNAC 7 

FNAC 6 

FNAC5 

FNAC4 

FNAC3 

FNAC2 

FNAC1 

FNACO 

MAX 

RATE 

Maximum discharge 
rate 

12h 

R 

MAX7 

MAX6 

MAX5 

MAX4 

MAX3 

MAX2 

MAXI 

MAXO 

RATE 

Discharge rate 

13h 

R 

RATE7 

RATE6 

RATE 5 

RATE4 

RATE 3 

RATE2 

RATE1 

RATEO 

DCRL 

Discharge count 
register (low byte) 

2eh 

R/W 

DCRL7 

DCRL6 

DCRL5 

DCRL4 

DCRL3 

DCRL2 

DCRL1 

DCRLO 

DCRH 

Discharge count 
register (high byte) 

2fh 

R/W 

DCRH7 

DCRH6 

DCRH5 

DCRH4 

DCRH3 

DCRH2 

DCRH1 

DCRHO 


Notes: RSVD = reserved. 

All other registers not documented are reserved. 
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Figure 4. bq2052 Communication Example 
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Figure 5. Typical Communication with the bq2052 
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Communicating With the bq2052 

The bq2052 includes a simple single-pin (HDQ plus re- 
turn) serial data interface. A host processor uses the in- 
terface to access various bq2052 registers. Battery char- 
acteristics may be easily monitored by adding a single 
contact to the battery pack. The open-drain HDQ pin on 
the bq2052 should be pulled up by the host system, or 
may be left floating if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends a command byte to the bq2052. 
The command directs the bq2052 to either store the next 
eight bits of data received to a register specified by the 
command byte or output the eight bits of data specified 
by the command byte. 

The communication protocol is asynchronous re- 
turn-to-one. Command and data bytes consist of a 
stream of eight bits that have a maximum transmission 
rate of 5K bits/sec. The least-significant bit of a com- 
mand or data byte is transmitted first. The protocol is 
simple enough that it can be implemented by most host 
processors using either polled or interrupt processing. 
Data input from the bq2052 may be sampled using the 
pulse-width capture timers available on some 
microcontrollers. 

If a communication error occurs, e.g., tCYCB > 250ps, the 
bq2052 should be sent a BREAK to reinitiate the serial 
interface. A BREAK is detected when the HDQ pin is 
driven to a logic-low state for a time, tB or greater. The 
HDQ pin should then be returned to its normal 
ready-high logic state for a time, tBR. The bq2052 is now 
ready to receive a command from the host processor. 

The return-to-one data bit frame consists of three dis- 
tinct sections. The first section is used to start the 
transmission by either the host or the bq2052 taking the 
HDQ pin to a logic-low state for a period, tSTRH;B- The 
next section is the actual data transmission, where the 
data should be valid by a period, tDSU;B, after the nega- 
tive edge used to start communication. The data should 
be held for a period, tDH;DV, to allow the host or bq2052 
to sample the data bit. 

The final section is used to stop the transmission by re- 
turning the HDQ pin to a logic-high state by at least a pe- 
riod, tssU;B, after the negative edge used to start commu- 
nication. The final logic-high state should be until a pe- 
riod tCYCH;B, to allow time to ensure that the bit trans- 
mission was stopped properly. The timings for data and 
break communication are given in the serial communica- 
tion timing specification and illustration sections. 

Communication with the bq2052 is always performed 
with the least-significant bit being transmitted first. 
Figure 5 shows an example of a communication se- 
quence to read the bq2052 NAC register. 


bq2052 Command Code and 
Registers 

The bq2052 status registers are listed in Table 6 and de- 
scribed below. 


Command Code 

The bq2052 latches the command code when eight valid 
command bits have been received by the bq2052. The 
command code contains two fields: 

■ W/R bit 

■ Command address 

The W/R bit of the command code is used to select whether 
the received command is for a read or a write function. 

The W/R values are: 


Command Code Bits 

7 

6 

5 

4 

3 

2 

1 

0 

W/R 

- 

- 

- 

- 

- 

- 

- 


lip 



Where W/R is: 

0 The bq2052 outputs the requested register con- 
tents specified by the address portion of com- 
mand code. 

1 The following eight bits should be written to the 
register specified by the address portion of com- 
mand code. 

The lower seven-bit field of the command code contains 
the address portion of the register to be accessed. At- 
tempts to write to invalid addresses are ignored. 


Command Code Bits 

7 

6 

5 

4 

3 

2 

1 0 

- 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI ADO 
Am (LSB) 


Command Word (CMDWD) 

The CMDWD register (address = OOh) is used by the ex- 
ternal host to control the CP pin and to reset the 
bq2052. 


CMDWD 

Action 

0x55 

CP high impedence, CPIN bit in FLGS1 set 

0x66 

CP driven low, CPIN bit in FLGS1 cleared 

0x78 

bq2052 reset 
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Primary Status Flags Register (FLGS1) 

The FLGS1 register (address = Olh) contains the pri- 
mary bq2052 flags. 

The initialized flag (INIT) is asserted to a 1 or 0 when- 
ever the bq2052 is initialized either by the application of 
Vcc or by a serial port command. INIT = 1 signifies that 
the device has been reset with FNAC set to PFC. INIT = 0 
signifies that the battery has been reset with FNAC = 0. 


The INIT location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

INIT 

- 

- 

- 

- 

- 

- 

- 


where INIT is: 


0 The bq2052 initialized with FNAC = 0. 

1 The bq2052 initialized with FNAC = PFC. 

The CPIN but reflects the state of the CP output. If set, 
the CP output is high impedance. If cleared, the CP out- 
put is asserted low. The CP output is an open drain out- 
put and requires an external pull-up register. 

The CPIN location is 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

CPIN 

- 

- 

- 



Where CPIN is: 

0 CP is low 

1 CP is high impedance 

The bq2052 sets the first end-of-discharge warning 
flag (EDV1) when the battery voltage VSB is less than 
the EDV1 threshold VTS. The flag warns the user that 
the battery is almost empty. The bq2052 modulates the 
first segment pin, SEG1, at a 4Hz rate if the 4 or 5 seg- 
ment display mode is enabled and EDV1 is asserted. 

The EDV1 threshold has a default value of 0.76V but 
can be adjusted by writing the VTS register . 


The EDV1 location is 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

EDV1 

- 


Where EDV1 is: 

0 Vsb > VTS 
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l Vsb < Vts 

The bq2052 sets the final end-of-discharge warning 
flag (EDVF) when VSB is less than the EDVF threshold. 
The EDVF threshold is set lOOmV below the EDV1 
threshold. The EDVF flag is used to warn the system or 
user that battery power is at a failure condition. The 
bq2052 turns all segment drivers off upon EDVF detec- 
tion. 


The EDVF location is: 


FLGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 


0 Vsb ^ (Vts - lOOmV) 

1 Vsb < (Vts -lOOmV) 

Temperature Register (TEMP) 

The 8-bit TEMP register (address=02h) contains the 
battery temperature in degrees C. The bq2052 contains 
an internal temperature sensor. The temperature is 
used to set discharge efficiency factors. The temperature 
register contents are store in 2’s complement form and 
represent the temperature ± 5°C. 

Nominal Available Capacity Register (NAC) 

The NAC register contains the uncompensated remaining 
capacity of the battery. The bq2052 determines NAC as 

NAC = FNAC - DCR 

Battery Identification Register (BAUD) 

The 8-bit BATID register (address=04h) is a general 
purpose memory register that can be used to uniquely 
identify a battery pack. The bq2052 maintains the 
BATID contents as long as VRBI is greater than 2V. The 
contents of this register have no effect on the operation 
of the bq2052. 

Current Scale Registers (VSRL/VSRH) 

The VSRH high-byte register and the VSRL low-byte 
register are used to calculate the average signal across 
the SR and VSS pins. This register pair is updated ev- 
ery 5.625 seconds. VSRH and VSRL form a 16-bit value 
representing the average current over this time. The 
battery pack current can be calculated by: 

IT , (VSRH * 256 + VSRL) 

" <mA)l m 
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where 

Rs = sense resistor value in Q. 

VSRH = high-byte value of current scale 
VSRL = low-byte value of current scale 

Program Pin Pull-Down Register (PPD) 

The PPD register (address = 07h) contains the pull-down 
programming pin information for the bq2052. The pro- 
gram pins, PROGi- 6 , have a corresponding PPD register 
location, PPDi_ 6 . A given location is set if the bq2052 
detects a pull-down resistor on its corresponding seg- 
ment driver. For example, if PROGi and PROG 4 have 
pull-down resistors, the contents of PPD are xxOOlOOl. 

Program Pin Puli-Up Register (PPU) 

The PPU register (address = 08h) contains the pull-up 
programming pin information for the bq2052. The seg- 
ment drivers, PROGi- 6 , have a corresponding PPU reg- 
ister location, PPUi- 6 - A given location is set if a 
pull-up resistor has been detected on its corresponding 
segment driver. For example, if PROG 3 and PROG 5 
have pull-up resistors, the contents of PPU are 
xxOIOIOO. 

Battery Voltage (VSB) 

The battery voltage register (address = Obh) stored the 
voltage detected on the SB pin. The bq2052 updates the 
VSB register approximately once per second with the 
present value of the battery voltage. 

VSB = 1.2V 

V 256 


temperature. The CAC value is also used in calculating 
the LED display pattern relative to PFC. 

Program Full Count (PFC) 

The PFC register (address = lOh) contains the user se- 
lected programmed full count (PFC) setting. 

Full Nominal Available Capacity (FNAC) 

The FNAC (address = llh) contains the full capacity 
reference of the battery. 

Maximum Discharge Rate (MAXRATE) 

The MAXRATE register (address = 12h) stores the high- 
est discharge rate detected by the bq2052. The bq2052 
uses the MAXRATE value to calculate the efficiency 
compensation factors. 

Discharge Rate (RATE) 

The RATE register (address = 13h) provides the current 
discharge rate of the battery. 

Discharge Count Registers (DCRH/DCRL) 

The DCRH high-byte register and the DCRL low-byte 
register are the main gas gauging registers for the 
bq2052. The DCR registers are incremented during dis- 
charge. 

Writing to the DCR registers affects the available charge 
counts and, therefore, affects the bq2052 gas gauge oper- 
ation. 

Display 


Voltage Threshold Register (VTS) 

The end-of-discharge threshold voltages (EDV 1 and 
EDVF) can be set using the VTS register. The VTS reg- 
ister sets the EDV1 trip point. EDVF is set lOOmV below 
EDV1. The default value in the VTS register is A 2 h, 
representing EDV1 = 0.76V and EDVF = 0.66V. 

EDV1 = 1.2V* ( VTS 
V 256 / 

Relative CAC Register (RCAC) 

The RCAC register (address = Odh) provides the relative 
battery state-of-charge by dividing CAC by FNAC. 
RCAC varies from 0 to 7dh representing relative 
state-of-charge from 0 to 125%. 

Compensated Available Capacity (CAC) 

The CAC registers (address = Oeh-Ofh) contain the 
available capacity compensated for discharge rate and 


The bq2052 can directly display remaining capacity in- 
formation using low-power LEDs. The bq2052 uses the 
CAC value in relation to FNAC as the basis for the dis- 
play activity The bq2052 displays the battery’s remain- 
ing capacity in either of three modes selected with pro- 
gram pin PROG 5 . The d isplay is activated using the 
DISP input. When DISP is connected to Vcc, the SEG 
outputs are OFF. When pulled low, the segment outputs 
turn ON for a period of 4 ± 0.5s, depending on the se- 
lected mode. 

The segment outputs are modulated as two banks, with 
segments 1, 3, and 5 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
100Hz with each segment bank active for 30% of the pe- 
riod. In incremental and bar graph modes, SEG1 blinks 
at a 4Hz rate whenever VSB is below VEDV1 (EDV1 
flag bit set in FLGS1), indicating a low-battery condi- 
tion. When VSB is below VEDVF (EDVF flag bit set in 
FLGS1) the display outputs are disabled in all modes. 
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In incremental mode (PROG5 = L), the battery charge 
state is displayed on pins SEG1-SEG4. The charge state 
condition indicated by each segment is shown in Table 7. 
Only the segment pin representing the present remain- 
ing capacity is ON (low) ; all o ther segments are OFF 
(high impedance). When DISP is pulled low, the display 
is active for 10s. 

Table 7. Incremental Display Mode 
PROGs = L 


SEG Pin ON 

Remaining Capacity 

SEG4 

90 -100% 

SEG3 

50 - < 90% 

SEG2 

20 - < 50% 

SEG1 

<20% 

SEG1— BLINK 

Vsb < VEDV 1 


In binary mode (PROG5 = H), the battery charge state is 
displayed using only pins SEG1 and SEG2, with the re- 
maining capacity indication defined as in Table 8. When 
DISP is pulled low, the display is active for 4s. 

Table 8. Binary Display Mode 
PROGs = H 


SEG 1 

SEG 2 

Remaining Capacity 

ON 

ON 

70 -100% 

ON 

OFF 

40 - < 70% 

OFF 

ON 

10 - < 40% 

OFF 

OFF 

< 10% or Vsb < Vedvf 


Microregulator 

A micro-power source for the bq2052 can be inexpen- 
sively built using a FET and an external resistor as 
shown in Figure 1. 

RBI Input 

The RBI input pin should be used with a storage capaci- 
tor or external supply to provide backup potential to the 
internal bq2052 registers when Vcc drops below 3.0V. 
Vcc is output on RBI when Vcc is above 3.0V. If using 
an external supply (such as the bottom series cell) as the 
backup source, an external diode is required for isola- 
tion. 

Initialization 

The bq2052 can be initialized by removing Vcc and 
grounding the RBI pin for 5s or by a command over the 
serial port. The serial port reset command requires 
writing 78h to register CMDWD (address = OOh). 

On initialization with PROG6 = H, the bq2052 sets the 
registers as 

FNAC = PFC 
CACH = PFC 
CACL = 0x00 
RCAC = 0x64 
FLGS1 = 0x90 


In bar graph mode (PROGs = Z), the battery charge 
state is displayed using pins S EG1 through SEG 5 ac- 
cording to Table 9. When DISP is pulled low, the display 
is active for 4s. 


Table 9. Bar Graph Display Mode 
PROGs = Z 


SEG1 

SEG2 

SEG3 

SEG4 

SEG5 

Remaining Capacity 

ON 

ON 

ON 

ON 

ON 

80 - 100% 

ON 

ON 

ON 

ON 

OFF 

60 - < 80% 

ON 

ON 

ON 

OFF 

OFF 

40 - < 60% 

ON 

ON 

OFF 

OFF 

OFF 

20 - < 40% 

ON 

OFF 

OFF 

OFF 

OFF 

<20% 

BLINK 

OFF 

OFF 

OFF 

OFF 

VSB < VEDV1 
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On initialization with PROG6=L, the bq2052 sets the 
registers as 

FNAC = 0x00 
CACH = 0x00 
CACL = 0x00 
RCAC = 0x00 
FLGS1 = 0x10 


Layout Considerations 

The bq2052 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. 



Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

V S R 

Relative to Vss 

-0.3 

Vcc+0.7 

V 

Recommended 100KO series resistor 
should be used to protect SR in case 
of a shorted battery. 

Topr 

Operating temperature 

-20 

+70 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limits for extended periods of time may affect device reli- 
ability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to 6.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvi 

First empty warning 

0.73 

0.76 

0.79 

V 

SB, default 

VeDVF 

Final empty warning 

- 

Vedvi - o.io 

- 

V 

SB, default 

VSRO 

SR sense range 

-300 


+500 

mV 

SR, VSR + Vos 

VSRD 

Valid discharge 

- 

- 

-250 

pV 

VsR + Vos (see note) 


Note: VOS is affected by PC board layout. Proper layout guidelines should be followed for optimal performance. 

See “Layout Considerations.” 
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DC Electrical Characteristics <ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to 
> 3.0V initializes the unit. 

Vos 

Offset referred to Vsr 

- 

±50 

±150 

HV 

DISP = Vcc 

VreF 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

IREF = 5pA 

Reference at -40°C to +85°C 

4.5 

_ 

7.5 

V 

IREF = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

Ma 

VreF = 3V 

Icc 

Normal operation 

- 

90 

135 

nA 

Vcc = 3.0V, HDQ = 0 

- 

120 

180 

hA 

V C c = 4.25V, HDQ = 0 

- 

170 

250 

ptA 

Vcc = 6.5V, HDQ = 0 

Vsb 

Battery input 

0 

- 

Vcc 

V 


RSBmax 

SB input impedance 

10 

- 

- 

MG 

o < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

nA 

VDISP = Vss 

Ilcom 

LOOM input leakage 

-0.2 

- 

0.2 

pA 

DISP = Vcc 

Irbi 

RBI data retention current 

- 

- 

100 

nA 

Vrbi > Vcc < 3V 

Rhdo 

Internal pulldown 

500 

- 

- 

KG 


Rsr 

SR input impedance 

10 

- 

- 

MG 

Vsr < Vcc 

VlHPFC 

PROG logic input high 

Vcc - 0.2 

- 

- 

V 

PROGi-6 

VlLPFC 

PROG logic input low 

. 

_ 

Vss + 0.2 

V 

PROGi-6 

ViZPFC 

PROG logic input Z 

float 

- 

float 

V 

PROGi-6 

VOLSL 

SEG output low, low Vcc 

- 

0.1 

- 

V 

Vcc = 3V, IOLS ^ 1.75mA 
SEG 1 - 5 , CP 

VOLSH 

SEG output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, IOLS ^ 11.0mA 
SEG]— 5 , CP 

VOHML 

LOOM output high, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, lOHLCOM = 

-5.25mA 

VOHMH 

LOOM output high, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc > 3.5V, lOHLCOM = 
-33.0mA 

IOLS 

SEG sink current 

11.0 

- 

- 

mA 

At VOLSH = 0.4V, VCC = 6.5V 

IOL 

Open-drain sink current 

5.0 

_ 

- 

mA 

At V 0 L = Vss + 0.3V, HDQ 

VOL 

Open-drain output low 

_ 

_ 

0.3 

V 

IOL ^ 5mA, HDQ 

VlHDQ 

HDQ input high 

2.5 

- 

_ 

V 

HDQ 

VlLDO 

HDQ input low 

- 

. 

0.8 

V 

HDQ 

Rprog 

Soft pull-up or pull-down resis- 
tor value (for programming) 

- 

- 

200 

KG 

PROG 1 -PROG 6 

Rfloat 

Float state external impedance 

- 

5 

- 

MG 

PROGi-6 


Note: All voltages relative to VsS- 
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Serial Communication Timing Specification (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

tCYCH 

Cycle time, host to bq2052 (write) 

190 


- 

ps 

See note 

tCYCB 

Cycle time, bq2052 to host (read) 

190 

205 

250 

ps 


tSTRH 

Start hold, host to bq2052 (write) 

5 

- 

- 

ns 


tSTRB 

Start hold, bq2052 to host (read) 

32 

- 

- 

ps 


tDSU 

Data setup 

- 

- 

50 

ps 


tDSUB 

Data setup 

- 

- 

50 

ps 


tDH 

Data hold 

90 

- 

- 

ps 


tDV 

Data valid 

- 

- 

80 

ps 


tssu 

Stop setup 

- 

- 

145 

ps 


tSSUB 

Stop setup 

- 

- 

145 

ps 


tRSPS 

Response time, bq2052 to host 

190 

- 

320 

ps 


tB 

Break 

190 

- 

- 

ps 


tBR 

Break recovery 

40 

- 

- 

ps 



Note: The open-drain HDQ pin should be pulled to at least Vcc by the host system for proper HDQ operation. 

HDQ may be left floating if the serial interface is not used. 
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Break Timing 



Host to bq2052 
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Ordering Information 


bq2052 

Temperature Range: 

blank = Commercial (-20 to +70°C) 


Package Option: 

SN = 16-pin narrow SOIC 


Device: 

bq2052 Gas Gauge IC 
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SBS vl.1 -Compliant Gas Gauge 1C 


Features 

V Provides accurate measurement 
of available charge in NiCd, 
NiMH, Li-Ion, and Lead Acid 
batteries 

>■ Supports SBS Smart Battery 
Data Specification vl.l 

> Supports the two wire SMBus 
vl.l interface or 1-wire HDQ16 

>- Reports individual cell voltages 

>- Monitors and provides control to 
charge and discharge FETs in 
Li-Ion protection circuit 

> Provides 11-bit resolution on 
voltage, temperature, and current 
function reporting 

>- Measures charge flow using a V- 
to-F converter with offset of less 
than 25gV after calibration 

>• Consumes less than 0.5mW oper- 
ating 

> Drives a five-segment LED dis- 
play for remaining capacity 
indication 

> 28-pin 150-mil SSOP 

Pin Connections 


General Description 

The bq2060 SBS-Compliant Gas 
Gauge IC is intended for battery pack 
or in-system installation to maintain 
an accurate record of available charge 
in rechargeable batteries. The bq2060 
monitors capacity and other critical 
battery parameters for NiCd, NiMH, 
Li-Ion, and Lead Acid chemistries. 
The bq2060 uses a V-to-F converter 
with automatic offset correction for 
charge and discharge counting. For 
voltage, temperature, and current re- 
porting, the bq2060 uses an A-to-D 
converter. The onboard ADC also 
monitors individual cell voltages in a 
Li-Ion battery pack and allows the 
bq2060 to generate control signals 
that may be used in conjunction with 
a pack supervisor to enhance pack 
safety. 

The bq2060 supports the Smart Bat- 
tery Data (SBData) commands and 
charge-control functions. It communi- 
cates data using the System Manage- 
ment Bus (SMBus) 2-wire protocol or 
the Unitrode 1-wire HDQ16 protocol. 
The data available include the bat- 
tery’s remaining capacity, tempera- 
ture, voltage, current, and remaining 


Pin Names 


run-time predictions. The bq2060 pro- 
vides LED drivers and a push-button 
input to depict remaining battery ca- 
pacity from full to empty in 20% in- 
crements with a 5-segment display. 

The bq2060 works with an external 
EEPROM. The EEPROM stores the 
configuration information for the 
bq2060, such as the battery’s chem- 
istry, self-discharge rate, rate com- 
pensation factors, measurement cal- 
ibration, and design voltage and ca- 
pacity. The bq2060 uses the pro- 
grammable self-discharge rate and 
other compensation factors stored in 
the EEPROM to accurately adjust 
remaining capacity for use and 
standby conditions based on time, 
rate, and temperature. The bq2060 
also automatically calibrates or 
“learns” the true battery capacity in 
the course of a discharge cycle from 
a programmable level of full to 
empty. 

The bq2060 may operate directly 
from three or four series nickel cells. 
The REG output can be used to regu- 
late the operating voltage from other 
battery pack configurations using an 
external JFET. 
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HDQ16 

Serial communicaton 
input/output 

ESCL 

Serial memory clock 

ESDA 

Serial memory data and 
address 

RBI 

Register backup input 

REG 

Regulator output 

V(XJT 

EEPROM supply output 

v cc 

Supply voltage 

Vss 

Ground 

DISP 

Display control input 

LEDi- 

LEDc 

LED display segment outputs 


DFC Discharge FET control 

CFC Charge FET control 

CVON Cell voltage divider control 

THON Thermistor bias control 

TS Thermistor voltage input 

SRC Current sense input 

SR X - Charge-flow sense resistor inputs 
SR 2 

VCELLj-Single-cell voltage inputs 
VCELL 4 

SMBD SMBus data 

SMBC SMBus clock 
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Pin Descriptions 

HDQ16 Serial communication input/output 

Open-drain bi-directional communications 
port. 

ESCL Serial memory clock 

Output to clock the data transfer between 
the bq2060 and the external nonvolatile 
configuration memory. 

ESDA Serial memory data and address 

Bi-directional pin used to transfer address 
and data to and from the bq2060 and the 
external nonvolatile configuration memory. 

RBI Register backup input 

Input that provides backup potential to the 
bq2060 registers during periods of low oper- 
ating voltage. RBI accepts a storage capaci- 
tor or a battery input. 

REG Regulator output 

Output that provides a reference to control 
an n-JFET for Vcc regulation to the bq2060 
from the battery potential. 

Vout Supply output 

Output that supplies power to the external 
EEPROM configuration memory. 

Vcc Supply voltage input 

Vss Ground 

DISP Display control input 

Input that controls the LED drivers 
LED 1 -LED 5 

LEDi- LED display segment outputs 

LEDs 

Outputs that each may drive an external 
LED. 


DFC Discharge FET control output 

Output to control the discharge FET in the 
Li-Ion pack protection circuitry. 

CFC Charge FET control output 

Output to control the charge FET in the 
Li-Ion pack protection circuitry. 

CVON Cell voltage divider control output 

Output to connect the cells to the external 
voltage dividers during cell voltage meas- 
urements. 

THON Thermistor bias control output 

Output to connect the thermistor bias resistor 
during a temperature measurement. 

TS Thermistor voltage input 

Input connection for a thermistor to monitor 
temperature. 

SRC Current sense voltage input 

Input to monitor instantaneous current. 

SRi- Sense resistor inputs 

SR 2 

Input connections for a small value sense 
resistor to monitor the battery charge and 
discharge current flow. 

VCELLi- Single-cell voltage inputs 

VCELL 4 

Inputs that monitor the series element cell 
voltages. 

SMBD SMBus data 

Open-drain bi-directional pin used to trans- 
fer address and data to and from the 
bq2060. 

SMBC SMBus clock 

Open drain bi-directional pin used to clock 
the data transfer to and from the bq2060. 
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Functional Description 

General Operation 

The bq2060 determines battery capacity by monitoring 
the amount of charge input or removed from a recharge- 
able battery. In addition to measuring charge and dis- 
charge, the bq2060 measures battery voltage, tempera- 
ture, and current, estimates battery self-discharge, and 
monitors the battery for low-voltage thresholds. The 
bq2060 measures charge and discharge activity by moni- 
toring the voltage across a small-value series sense re- 
sistor between the battery’s negative terminal and the 
negative terminal of the battery pack. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for environ- 
mental and operating conditions. 

Figure 1 shows a typical bq2060-based battery pack ap- 
plication. The circuit consists of the LED display, volt- 
age and temperature measurement networks, EEPROM 
connections, serial port, and the sense resistor. The 
EEPROM stores basic battery pack configuration infor- 
mation and measurement calibration values. The 
EEPROM must be programmed properly for bq2060 op- 
eration. Table 8 shows the EEPROM memory map and 
outlines the programmable functions available in the 
bq2060. 

The bq2060 accepts an NTC thermistor (Semitec 103AT) 
for temperature measurement. The bq2060 uses the 
thermistor to monitor battery pack temperature, detect 
a battery full charge condition, and compensate for 
self-discharge and charge/discharge battery efficiencies. 

Measurements 

The bq2060 uses a fully differential, dynamically bal- 
anced voltage-to-frequency converter (VFC) for charge 
measurement and a sigma delta analog-to-digital con- 
verter (ADC) for battery voltage, current, and tempera- 
ture measurement. 

Charge and Discharge Counting 

The VFC measures the charge and discharge flow of the 
battery by monitoring a small-value sense resistor be- 
tween the SRi and SR 2 pins as shown in Figure 1. The 
VFC measures bipolar signals up to 300mV in magni- 
tude. The bq2060 detects “charge” activity when Vsr = 
VsR2 - Vsri is positive and a “discharge” activity when 
Vsr = Vsr2 - Vsri is negative. The bq2060 integrates 
the signal over time using an internal counter. The fun- 
damental rate of the counter is 3.125|TVh. 


Offset Calibration 

The bq2060 provides an auto-calibration feature to cancel 
the voltage offset across SRi and SR 2 for maximum charge 
measurement accuracy. The calibration routine is initi- 
ated by issuing a command to ManufacturerAccessO. The 
bq2060 is capable of canceling an offset down to 4(iV. 

Digital Filter 

The bq2060 does not integrate charge or discharge 
counts below the digital filter threshold. The digital fil- 
ter threshold is programmed in the EEPROM. 

Voltage 

In conjunction with monitoring SRi and SR 2 for charge 
and discharge currents, the bq2060 monitors the battery 
pack potential and the individual cell voltages through 
the VCELL 1 -VCELL 4 pins. The bq2060 measures the 
pack voltage and reports the result in Voltage(). For 
nickel chemistries, the bq2060 measures the pack volt- 
age with VCELL 4 . For Li-Ion, the bq2060 measures the 
pack voltage with the most positive VCELL input. The 
bq2060 can also measure the voltage at up to four series 
elements in a battery pack. The individual cell voltages 
are stored in the Manufacturer Data area. The bq2060 
converts the signals at the VCELL 1 -VCELL 4 inputs ev- 
ery 2 seconds. 

The VCELL 1 -VCELL 4 inputs are divided down from the 
cells using high-tolerance resistors, as shown in Figure 1. 
The maximum input for VCELL 1 -VCELL 4 is 1.25V. The 
voltage dividers for the inputs must be set so that the 
voltages at the inputs do not exceed the 1.25V limit un- 
der all operating conditions. Also, the dividers on 
VCELL 1 -VCELL 2 must be half of that of 
VCELL 3 -VCELL 4 . To reduce current consumption from 
the battery, the CVON output may used to connect the di- 
vider to the cells only during measurement period. 
CVON is high impedance when the cells are measured, 
and driven low otherwise. See Table 1. 


Table 1 . Example VCELL1-VCELL4 Divider 
and Input Range 


Voltaqe Input 

Fixed Divider 
Ratio 

Full-Scale Input 
(V) 

VCELL 4 

16 

20.0 

VCELL 3 

16 

20.0 

VCELL 2 

8 

10.0 

VCELLi 

8 

10.0 
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Figure 1. Battery Pack Application Diagram-LED Display and Series Cell Monitoring 
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Table 2. SRC Input Range 


Sense Resistor 
( a ) 

Current() 

1 LSB Accuracy 
(mA) 

Full-Scale Input 
(A) 

0.02 

30.5 

±15.0 

0.03 

20.4 

±10.0 

0.05 

12.2 

±6.0 

0.10 

6.1 

±3.0 


Current 

The SRC input of the bq2060 measures battery charge 
and discharge current. The SRC ADC input converts 
the current signal from the series sense resistor every 2 
seconds and stores the result in CurrentO. The 
full-scale input range to SBC is limited to ±300mV as 
shown in Table 2. 

Temperature 

The TS input of the bq2060 in conjunction with an NTC 
thermistor measure the battery temperature as shown 
in Figure 1. The bq2060 reports temperature in Tem- 
peratureO. THON may be used to connect the bias 
source to the thermistor when the bq2060 samples the 
TS input. THON is high impedance when the tempera- 
ture is measured, and driven low otherwise. 


Gas Gauge Operation 

General 

The operational overview in Figure 2 illustrates the gas 
gauge operation of the bq2060. Table 3 describes the 
bq2060 registers. 

The bq2060 accumulates a measure of charge and dis- 
charge currents and estimates self-discharge of the bat- 
tery. The bq2060 compensates the charge current mea- 
surement for temperature and state-of-charge of the 
battery. The bq2060 also adjusts the self-discharge esti- 
mation based on temperature. 

The main counter RemainingCapacityO (RM) represents 
the available capacity or energy in the battery at any 
given time. The bq2060 adjusts RM for charge and 
self-discharge compensation factors. The information in 
the RM register is accessible through the communica- 
tions ports and is also represented through a 5-segment 
LED display. 

The FullChargeCapacityO (FCC) register represents the 
last measured full discharge of the battery. It is used as 
the battery’s full-charge reference for relative capacity 
indication. The bq2060 updates FCC when the battery 
undergoes a qualified discharge from nearly full to a low 
battery level. FCC is accessible through the serial com- 
munications ports. 

The Discharge Count Register (DCR) is a non-accessible 
register that only tracks discharge of the battery. The 
bq2060 uses the DCR register to update the FCC regis- 
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Figure 2. Operational Overview 
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Table 3. bq2060 Register Functions 


Function 

Command Code 

Access 

Units 

SMBus 

HDQ16 

ManufacturerAccess 

0x00 

0x00 

read/write 

n/a 

RemainingCapacity Alarm 

0x01 

0x01 

read/write 

mAh, mWh 

RemainingTimeAlarm 

0x02 

0x02 

read/write 

minutes 

BatteryMode 

0x03 

0x03 

read/write 

n/a 

AtRate 

0x04 

0x04 

read/write 

mA, mW 

AtRateTimeToFull 

0x05 

0x05 

read 

minutes 

AtRateTimeToEmpty 

0x06 

0x06 

read 

minutes 

AtRateOK 

0x07 

0x07 

read 

Boolean 

Temperature 

0x08 

0x08 

read 

0.1°K 

Voltage 

0x09 

0x09 

read 

mV 

Current 

0x0a 

0x0a 

read 

mA 

AverageCurrent 

0x0b 

0x0b 

read 

mA 

MaxError 

0x0c 

0x0c 

read 

percent 

RelativeStateOfCharge 

OxOd 

OxOd 

read 

percent 

AbsoluteStateOfCharge 

OxOe 

OxOe 

read 

percent 

RemainingCapacity 

OxOf 

OxOf 

read 

mAh, 10m Wh 

FullChargeCapacity 

0x10 

0x10 

read 

mAh, lOmWh 

RunTimeToEmpty 

0x11 

Oxll 

read 

minutes 

AverageTimeToEmpty 

0x12 

0x12 

read 

minutes 

AverageTimeToFull 

0x13 

0x13 

read 

minutes 

ChargingCurrent 

0x14 

0x14 

read 

mA 

ChargingV oltage 

0x15 

0x15 

read 

mV 

Battery Status 

0x16 

0x16 

read 

n/a 

CycleCount 

0x17 

0x17 

read 

cycles 

DesignCapacity 

0x18 

0x18 

read 

mAh, 10m Wh 

DesignVoltage 

0x19 

0x19 

read 

mV 

Specificationlnfo 

Oxla 

Oxla 

read 

n/a 

ManufactureDate 

Ox lb 

Oxlb 

read 

n/a 

SerialNumber 

Oxlc 

Oxlc 

read 

integer 

Reserved 

0xld-0xlf 

Oxld - Oxlf 

. 

. 

ManufacturerN ame 

0x20 

0x20-0x25 

read 

string 

DeviceName 

0x21 

0x28-0x2b 

read 

string 

DeviceChemistry 

0x22 

0x30-0x32 

read 

string 

ManufacturerData 

0x23 

0x38-0x3a 

read 

string 

Pack Status 

0x2f (LSB) 

0x2f (LSB) 

read 

n/a 

Pack Configuration 

0x2f (MSB) 

0x2f (MSB) 

read 

n/a 

VCELL4 

0x3c 

0x3c 

read 

mV 

VCELL3 

0x3d 

0x3d 

read 

mV 

VCELL2 

0x3e 

0x3e 

read 

mV 

VCELL1 

0x3f 

0x3f 

read 

mV 
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ter if the battery undergoes a qualified discharge from 
nearly full to a low battery level. In this way, the 
bq2060 learns the true discharge capacity of the battery 
under system use conditions. 

Main Gas Gauge Registers 

RemainingCapacity() (RM) 

On initialization, the bq2060 sets RM to 0. RM counts 
up during charge to a maximum value of FCC and down 
during discharge and self-discharge to 0. In addition to 
charge and self-discharge compensation, the bq2060 cali- 
brates RM at three different low battery voltage thresh- 
olds, EDV2, EDV1, and EDVO. This provides a voltage- 
based calibration to the RM counter. 

DesignCapacity() (DC) 

The DC is the user-specified battery full capacity. It is 
programmed from the EEPROM and represents the full- 
battery reference for the absolute display mode. 

FullChargeCapacity() (FCC) 

FCC is the last measured discharge capacity of the bat- 
tery. On initialization, the bq2060 sets FCC to the value 
stored in EEPROM. During subsequent discharges, the 
bq2060 updates FCC with the last measured discharge 
capacity of the battery. The last measured discharge of 
the battery is based on the value in the DCR register af- 
ter a qualified discharge occurs. Once updated, the 
bq2060 writes the new FCC value to EEPROM. FCC 
represents the full battery reference for the relative dis- 
play mode and relative state of charge calculations. 

Discharge Count Register (DCR) 

The DCR register counts up during discharge, independ- 
ent of RM. DCR can continue to count after RM has 
counted down to 0. Prior to RM = 0, both discharge ac- 
tivity and self-discharge increment DCR. After RM = 0, 
only discharge activity increments DCR. DCR resets to 
0 when RM = FCC and stops counting when the battery 
voltage reaches the EDV2 threshold on discharge. 

Capacity Learning (FCC Update) and Qualified 
Discharge 

The bq2060 updates FCC with an amount based on the 
value in DCR if a qualified discharge occurs. The new 
value for FCC equals the DCR value plus the program- 
mable nearly full and low battery levels, according to the 
following equation. 

( 1 ) 

FCC (New) = DCR + FCC * [(100 - Near Full %) 

+ Battery Low %], 


where 

Near Full % = value stored in EE 0x46 
Battery Low % = value stored in EE 0x68 

A qualified discharge occurs if the battery discharges 
from RM = FCC * Near Full % to the EDV2 voltage 
threshold with the following conditions: 

■ No valid charge activity occurs during the discharge 
period. A valid charge is defined as an input of 
lOmAh into the battery. 

■ No more than 256mAh of self-discharge occurs 
during the discharge period. 

■ The battery voltage reaches the EDV2 threshold 
during the discharge period. 

FCC cannot be reduced by more than 256mAh during 
any single update cycle. The bq2060 saves the new FCC 
value to the EEPROM within 2s of it being updated. 

End-of-Discharge Thresholds and Capacity Cor- 
rection 

The bq2060 monitors the battery for three compensated 
low-voltage thresholds based on the EDV values (EDVO, 
EDV1 , and EDV2) stored in EEPROM. The bq2060 dis- 
ables EDV detection if CurrentO exceeds the Overload 
Current threshold programmed in EE 0x38. The bq2060 
resumes EDV threshold detection after CurrentO drops 
below the overload current threshold. 

The bq2060 uses the thresholds to apply voltage-based 
corrections to the RM register according to Table 4. The 
EDV thresholds are set by the values programmed in 
EEPROM locations EDVO in EE 0x4a-0x4b, EDV1 in 
EE 0x4c-0x4d, and EDV2 in EE 0x4e-0x4f. 


Table 4. State of Charge Based 
on Low Battery Voltage 


Threshold 

State of Charqe in RM 

EDVO 

0% 

EDV1 

3% 

EDV2 

Battery Low % 


The bq2060 adjusts RM as it detects each threshold. If 
the voltage threshold is reached before the correspond- 
ing capacity on discharge, the bq2060 reduces RM to the 
appropriate amount as shown in Table 3. If RM reaches 
the capacity level before the voltage threshold is reached 
on discharge, the bq2060 prevents RM from decreasing 
until the battery voltage reaches the corresponding 
threshold. 
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For Li-Ion packs, the bq2060 compensates the 
end-of-discharge thresholds for the battery temperature 
and discharge rate. The compensation model is based on 
the following formulas where T = temperature in °C; R = 
discharge rate; EDV n = nominal EDVO, EDV1, or EDV2; 
EDVCn = compensated EDVO, EDV1, EDV2. 

(2) 

i • t > i 

EDVCn = EDV n + Xi * (T - 15) - X 2 * R 

Case 2: T < X5°C, R > 0.5C 

EDVCn = EDVn * X 3 * (T - 15) - X 2 * R 

Case 3: T < 15°C, R < 0.5C 

EDVC n = EDVn + 2 * R * X 3 * 

(T - 15) - X 2 * R 

The EDV compensation factors stored in EEPROM, 
EDVOF, EDV1F, and EDV2F, determine Xi, X 2 , and X 3 . 
For the ideal model, Xi = 0.002, X 2 = 0.3, and X 3 = 0.01. 
With these factors, the voltage correction applied at 
room temperature and a low rate is small but increases 
at higher rate and temperature. The bq2060 applies no 
EDV compensation in nickel packs. 

Charge Control 

Charging Voltage and Current Broadcasts 

The bq2060 supports SBS charge control by broadcasting 
the ChargingCurrentO and ChargingVoltageO to the 
Smart Charger address. The bq2060 broadcasts the re- 
quests every 10s. The bq2060 updates the values used in 
the charging current and voltage broadcasts based on the 
battery’s state of charge, voltage, and temperature. The 
fast-charge rate is programmed in Fast-Charging Current 
EE Oxla - Oxlb while the charge voltage is programmed in 
Charging Voltage EE OxOa-OxOb. 

The bq2060 internal charge control is compatible with 
popular rechargeable chemistries. The primary charge- 
termination techniques include a change in temperature 
over a change in time (AT/At) and current taper, for 
nickel-based and Li-Ion chemistries, respectively. The 
bq2060 also provides pre-charge qualification and a 
number of safety charge suspensions based on current, 
voltage, temperature, and state of charge. 

Alarm Broadcasts to Smart Charger and Host 

If any of the bits 8-15 in BatteryStatusO is set, the bq2060 
broadcasts an AlarmWamingO message to the Host ad- 
dress. If any of the bits 12-15 in BatteryStatusO are set, 
the bq2060 also sends an Alarm WamingO message to the 
Smart Charger address. The bq2060 repeats the 
AlarmWamingO message every 10s until the bits are 
cleared. 


Pre-Charge Qualification 

The bq2060 sets ChargingCurrentO to the pre-charge 
rate as programmed in Pre-Charge Current EE 
Oxle-Oxlf under the following conditions: 

■ Voltage: The bq2060 requests the pre-charge charge 
rate when VoltageO is below the EDVO threshold. 

■ Temperature: The bq2060 requests the pre-charge 
rate when TemperatureO is less than 12°C. If this 
occurs, TemperatureO must rise above 15°C before 
the bq2060 requests the fast charge rate. 

Charge Suspension 

The bq2060 may temporarily suspend charge if it de- 
tects a charging fault. A charging fault includes the fol- 
lowing conditions. 

■ Overcurrent: An overcurrent condition exists when 

the bq2060 measures the charge current to be more 
than the Overcurrent Margin above the 

ChargingCurrentO. Overcurrent Margin is programmed 
in EE 0x3c. On detecting an overcurrent condition, the 
bq2060 sets the ChargingCurrentO to zero and sets the 
TERMINATE_CHARGE_ALARM bit in 

BatteryStatusO. The overcurrent condition is cleared 
when the measured current drops below the 
ChargingCurrent plus the Overcurrent Margin. 

m Overvoltage: An overvoltage condition exists when 
the bq2060 measures the battery voltage to be more 
than the Overvoltage Margin above the 

ChargingVoltageO. Overvoltage Margin is 
programmed in EE 0x3b. On detecting an overvoltage 
condition, the bq2060 sets the ChargingCurrentO to 
zero and sets the TERMINATE_CHARGE_ALARM 
bit in BatteryStatusO. The overvoltage condition is 
cleared when the measured voltage drops below the 
ChargingVoltageO plus the Overvoltage Margin. 

m Over-Temperature: An over-temperature condition 
exists when TemperatureO exceeds the Max T value 
programmed in EE 0x60. On detecting an over- 
temperature condition, the bq2060 sets the 
ChargingCurrentO to zero and sets the 
OVER_TEMP_ALARM bit in BatteryStatusO. The 
over-temperature condition is cleared when 
TemperatureO drops 3 degrees C below the Max T 
value. 

■ Overcharge: An overcharge condition exists if the 
battery is charged more than the Maxmum 
Overcharge value after RM = FCC. Maximum 
Overcharge is programmed in EE 0x2e-0x2f. On 
detecting an overcharge condition, the bq2060 sets 
the ChargingCurrentO to the maintenance charge 
rate and sets the FULLY_CHARGED bit in 
BatteryStatusO. The maintenance charge rate, 
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Maintenance Charging Current , is programmed in 
EE Oxlc - Oxld. 

Primary Charge Termination 

The bq2060 terminates charge if it detects a 
charge-termination condition. A charge-termination 
condition includes the following. 

■ AT/At: For AT/At, the bq2060 detects a change in 
temperature over many seconds. The AT/At setting is 
programmable in both the temperature step, DeltaT 
(1.6°C - 4.6°C), and the time step, DeltaT Time 
(20s-300s). Typical settings for l°C/minute include 
2°C/120s and 3°C/180s. Longer times are required 
for increased slope resolution. The DeltaT value is 
programmed in EE 0x60 and the Delta T Time in EE 
0x61. 

In addition to the AT/At timer, a hold-off timer starts 
when the battery is being charged at more than 
255mA and the temperature is above 25°C. Until this 
timer expires, AT/At detection is suspended. If 
CurrentO drops below 256mA or TemperatureO below 
25°C, the hold-off timer resets and restarts only when 
the current and temperature conditions are met 
again. The hold-off timer is programmable (20s - 
300s) with DeltaT Holdoff Time value in EE 0x62. 

■ Current Taper: For current taper, ChargingVoltageO 
must be set to the pack voltage desired during the 
constant-voltage phase of charging. The bq2060 detects 
a current taper termination when it measures the 
highest cell voltage in the pack to be greater than the 
voltage determined by Current Taper Cell Voltage and 
the charging current is below a threshold determined by 
Current Taper Threshold , for at least 40s. The bq2060 
uses the VFC to measure current-for-current taper 
termination. The current polarity must remain positive 
as measured by the VFC during this time period. 

Once the bq2060 detects a primary charge termination, 
the bq2060 sets the OVER_CHARGED_ALARM, TER- 
MINATED HARGE_AL ARM and FULLY_CHARGED 
bits in BatteryStatusO, and sets the ChargingCurrentO 
to zero. The bq2060 sets the ChargingCurrentO to the 
maintenance charge rate when it no longer detects the 
primary charge termination condition. On termination, 
the bq2060 also sets RM to a programmed percentage of 
FCC, provided that RelativeStateOfChargeO is below 
the desired percentage of FCC and the CSYNC bit in 
Pack Configuration EE 0x3f is set. If the CSYNC bit is 
not set and RelativeStateOfChargeO is less than the 
programmed percentage of FCC, the bq2060 clears the 
FULLY_CHARGED bit in BatteryStatusO. The pro- 
grammed percentage of FCC, Fast Charge Termination 
%, is set in EE 0x3d. The bq2060 clears the alarm bits 
when CurrentO drops below 256mA. The bq2060 also 
clears the FULLY-CHARGED bit when 
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RelativeStateOfChargeO is less than Fully Charged 
Clear % programmed in EE 0x69. 

Display Port 

General 

The display port drives a 5-LED bar graph display . The 
display is activated either by a logic signal on the DISP 
input or by the detection of charge current. The bq2060 
can display RM in either a relative or absolute mode 
with each LED representing a percentage of the full bat- 
tery reference. In relative mode, the bq2060 uses FCC 
as the full battery reference; in absolute mode, it uses 
DC. 

Activation 

The display may be acti vated at any time by a 
high-to-low transition on the DISP input. This is usually 
accomplished with a pull-up resistor and a pushbutton 
switch. Detection of the transition activates the display 
and starts a display timer that advances for four sec- 
onds. T he tim er expires and turns off the display 
whether DISP was brought low momentarily or held low 
indefi nitely. Reactivation of the display requires that the 
DISP input return to a logic-high state and then transi- 
tion low again. The second high-to-low transition must 
occur after the d isplay timer expires. The bq2060 re- 
quires the DISP input to remain stable for a minimum 
of 250ms to detect the logic state. 

The display activates automatically when the battery is 
being charged at 100mA or more. This activation mech- 
anism overrides the push-button activation conditions 
and has no time-out associated with it. When CurrentO 
is les s than 100mA, the display turns off unless the 
DISP input has been forced low. 

If VoltageO is less than the EDV0 threshold, the bq2060 
disables the LED display. 

Display Modes 

In relative mode, each LED output represents 20% of 
the RelativeStateOfChargeO value. Table 5 shows the 
relative display operation. Unless noted, VoltageO is 
greater than the EDV0 threshold. 

The bq2060 blinks LED1 if RelativeStateOfChargeO is 
less than 10%. 

In absolute mode, each LED output represents 20% of 
the AbsoluteStateOfChargeO value. Table 6 shows the 
absolute display operation. Unless noted, VoltageO is 
greater than the EDV0 threshold. 

The bq2060 blinks LED1 if AbsoluteStateOfChargeO is 
less than 10%. 
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Table 5. Relative Display Mode Table 6. Absolute Display Mode 


Condition 

Relative 

StateOfCharqeO 

LED1 

LED2 

LED3 

LED4 

LED5 

Voltage()<EDV0 

OFF 

OFF 

OFF 

OFF 

OFF 

<10% 

BLINK 

OFF 

OFF 

OFF 

OFF 

>10%, <20% 

ON 

OFF 

OFF 

OFF 

OFF 

>20%, <40% 

ON 

ON 

OFF 

OFF 

OFF 

>40%, <60% 

ON 

ON 

ON 

OFF 

OFF 

>60%, <80% 

ON 

ON 

ON 

ON 

OFF 

>80%, <100% 

ON 

ON 

ON 

ON 

ON 


Condition 

Relative 

StateOfCharqeO 

LED1 

LED2 

LED3 

LED4 

LED5 

Voltage()<EDV0 

OFF 

OFF 

OFF 

OFF 

OFF 

<10% 

BLINK 

OFF 

OFF 

OFF 

OFF 

>10%, <20% 

ON 

OFF 

OFF 

OFF 

OFF 

>20%, <40% 

ON 

ON 

OFF 

OFF 

OFF 

>40%, <60% 

ON 

ON 

ON 

OFF 

OFF 

>60%, <80% 

ON 

ON 

ON 

ON 

OFF 

>80% 

ON 

ON 

ON 

ON 

ON 


Communication 

The bq2060 includes two types of communication ports: 
SMBus and HDQ16. The SMBus interface is a two-wire 
bi-directional protocol utilizing the SMBC (clock) and 
SMBD (data) pins. The HDQ16 interface is a one- wire 
bi-directional protocol utilizing the HDQ16 pin. 

The communication ports allow a host controller, an 
SMBus-compatible device, or other processor to access 
the memory registers of the bq2060. In this way a sys- 
tem can efficiently monitor and manage the battery. 

SMBus 

The SMBus interface is a command-based protocol. A 
processor acting as the bus master initiates communica- 
tion to the bq2060 by generating a START condition. A 
START condition consists of a high-to-low transition of 
the SMBD line while the SMBC is high. The processor 
then sends the_bq2060 device address of 0001011 (bits 
7-1) plus a R/W bitjbit 0) followed by an SMBus com- 
mand code. The R/W bit (LSB) and the command code 
instruct the bq2060 to either store the forthcoming data 
to a register specified by the SMBus command code or 
output the data from the specified register. The proces- 
sor completes the access with a STOP condition. A STOP 
condition consists of a low-to-high transition of the 
SMBD line while the SMBC is high. With SMBus, the 
most-significant bit (MSB) of a data byte is transmitted 
first. 

In some instances, the bq2060 acts as the bus master. 
This occurs when the bq2060 broadcasts charging re- 
quirements and alarm conditions to device addresses 
0x12 (SBS Smart Charger) and 0x10 (SBS Host Control- 
ler.) 

SMBus Protocol 

The bq2060 supports the following SMBus protocols: 


■ Read Word 

■ Write Word 

■ Read Block 

A processor acting as the bus master uses the three pro- 
tocols to communicate with the bq2060. The bq2060 act- 
ing as the bus master uses the Write Word protocol. 

The SMBD and SMBC pins are open drain and require 
external pull-up resistors. 

SMBus Packet Error Checking 

The bq2060 supports Packet Error Checking as a mech- 
anism to confirm proper communication between it and 
another SMBus device. Packet Error Checking requires 
that both the transmitter and receiver calculate a 
Packet Error Code (PEC) for each communication 
message. The device that supplies the last byte in the 
communication message appends the PEC to the mes- 
sage. The receiver compares the transmitted PEC to its 
PEC result to determine if there is a communication 
error. 

PEC Protocol 

The bq2060 can receive or transmit data with or without 
PEC. Figure 3 shows the communication protocol for 
the Read Word, Write Word, and Read Block messages 
without PEC. Figure 4 includes PEC. 

In the Write Word protocol, the bq2060 receives the PEC 
after the last byte of data from the host. If the host does 
not support PEC, the last byte of data is followed by a 
STOP condition. After receipt of the PEC, the bq2060 
compares the value to its calculation. If the PEC is cor- 
rect, the bq2060 responds with an ACKNOWLEDGE. If 
it is not correct, the bq2060 responds with a NOT AC- 
KNOWLEDGE and sets an error code. 

In the Read Word and Block Read, the host generates an 
ACKNOWLEDGE after the last byte of data sent by the 
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Figure 3. SMBus Communication Protocol without PEC 
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Figure 4. SMBus Communication Protocol with PEC 
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Figure 5. HDQ16 Communication Example 


bq2060. The bq2060 then sends the PEC and the host 
acting as a master-receiver generates a NOT AC- 
KNOWLEDGE and a STOP condition. 

PEC Calculation 

The basis of the PEC calculation is an 8-bit Cyclic Re- 
dundancy Check (CRC-8) based on the polynomial C(X) 
= X 8 + X 2 + X 1 + 1. The PEC calculation includes all 
bytes in the transmission, including address, command, 
and data. The PEC calculation does not include AC- 
KNOWLEDGE, NOT ACKNOWLEDGE, START, STOP, 
and Repeated START bits. 

For example, the host requests RemainingCapacityO 
from the bq2060. This includes the host folloing the 
Read Word protocol. The bq2060 calculates the PEC 
based on the following 5 bytes of data, assuming the re- 
maining capacity of the battery is lOOlmAh. 

■ Battery Address with R/W = 0: 0x16 

■ Command Code for RemainingCapacityO: OxOf 

■ Battery Address with R/W = 1: 0x17 

■ RemainingCapacityO: 0x03e9 

For 0xl60fl7e903, the bq2060 transmits a PEC of 0xe8 
to the host. 


SMBus On and Off State 

The bq2060 detects whether the SMBus enters the “Off 
State” by monitoring the SMBC and SMBD lines. When 
both signals are low for 2s, the bq2060 detects the “Off 
State”. When the SMBC and SMBD lines go high, the 
bq2060 detects the “On State” and can begin communi- 
cation within 1ms. 

HDQ16 

The HDQ16 interface is a command-based protocol. See 
Figure 5. A processor sends the command code to the 
bq2060. The 8-bit command code consists of two fields, 
the 7-bit HDQ16 command code (bits 0-6) and the 1-bit 
R/W field (MSB bit 7). The R/W field directs the bq2060 
either to 

■ Store the next 16 bits of data to a specified register or 

■ Output 16 bits of data from the specified register 

With HDQ16, the least-significant bit (LSB) of a data 
byte (command) or word (data) is transmitted first. 

A bit transmission consists of three distinct sections. 
The first section starts the transmission by either the 
host or the bq2060 taking the HDQ16 pin to a logic-low 
state for a period tsTRH;B. The next section is the actual 
data- transmission, where the data bit is valid by the 
time, tDSU;B after the negative edge used to start com- 
munication. The data bit is held for a period tDH;DV to al- 
low the host processor or bq2060 to sample the data bit. 
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The final section is used to stop the transmission by re- 
turning the HDQ16 pin to a logic-high state by at least 
the time tssU;B after the negative edge used to start 
communication. The final logic-high state should be un- 
til a period tcYCH;B to allow time to ensure that the bit 
transmission was stopped properly. 

If a communication error occurs (e.g., tcYCB > 250jis), the 
host sends the bq2060 a BREAK to reinitiate the serial 
interface. The bq2060 detects a BREAK when the 
HDQ16 pin is in a logic-low state for a time ts or greater. 
The HDQ16 pin is then returned to its normal 
ready-high logic state for a time tBR. The bq2060 is then 
ready to receive a command from the host processor. 

The HDQ16 pin is open drain and requires an external 
pull-up resistor. 

Command Codes 

The SMBus Command Codes are in ( ), the HDQ16 in [ ] . 

ManufacturerAccess() (0x00); [0x00-0x01] 

Description: 

This function provides writable command codes to con- 
trol the bq2060 during normal operation and pack man- 
ufacture. The following list of commands are available. 

0x0618 Enable Low Power Storage Mode: Acti- 
vates the low-power storage mode. The bq2060 enters 
the storage mode after a 10s delay. 

0x064d Charge Synchronization: Enables the 
bq2060 to update RM when an external charger detects a 
fast charge termination. The bq2060 sets RM to a per- 
centage of FCC as defined in Fast Charge Termination %. 

0x0653 Enable VFC Calibration: Instructs the 
bq2060 to begin VFC calibration. 

0x0780 SMBus Slave: Configures the bq2060 as an 
SMBus slave only to disable all broadcasts such as 
ChargingCurrentO, ChargingVoltageO, and 
Alarm Warning( ) . 

0x079e SMBus Master: Enables the bq2060 to act as 
an SMBus master to broadcast ChargingCurrentO, 
ChargingVoltageO, and Alarm WarningO. 

Purpose: 

The Manufacturer AccessO function provides the system 
host access to bq2060 functions that are not defined by 
the SBD. 

SMBus Protocol: Read or Write Word 

Input/Output: Word 

RemainingCapacityAlarm() (0x01); [0x01] 
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Description: 

Sets or gets the low-capacity threshold value. Whenever 
the RemainingCapacityO falls below the low capacity 
value, the bq2060 sends Alarm WarningO messages to 
the SMBus Host with the REMAINING.CAPAC- 
ITY_ALARM bit set. A low-capacity value of 0 disables 
this alarm. The bq2060 initially sets the low-capacity 
value to Remaining Capacity Alarm value programmed 
in EE 0x04 - 0x05. The low-capacity value remains un- 
changed until altered by the Remaining- 
CapacityAlarmO function. The low-capacity value may 
be expressed in either current (mA) or power (lOmWh) 
depending on the setting of the BatteryModeO’s CAPAC- 
ITY_MODE bit. 

Purpose: 

The RemainingCapacityAlarmO function can be used by 
systems that know how much power they require to 
save their operating state. It enables those systems to 
more finely control the point at which they transition 
into suspend or hibernate state. The low-capacity value 
can be read to verify the value in use by the Smart Bat- 
tery’s low capacity alarm. 

SMBus Protocol: Read or Write Word 

Input/Output: Unsigned integer — value below which 
Low Capacity messages are sent. 


Batterv Modes 


CAPACITY_MODE 
bit = 0 

CAPACITY_MODE 
bit = 1 

Units 

mAh @ C/5 

lOmWh @ P/5 

Range 

0-65,535mAh 

0-65,535 lOmWh 

Granularity 

Not applicable 

Accuracy 

See RemainingCapacityO 


RemainingTimeAlarm() (0x02); [0x02] 

Description: 

Sets or gets the remaining time alarm value. Whenever 
the AverageTimeToEmptyO falls below the remaining time 
value, the bq2060 sends AlarmWarningO messages to the 
SMBus Host with the REMAININ G_TIME_ALARM bit 
set. A remaining time value of 0 effectively disables this 
alarm. The bq2060 initially sets the remaining time value 
to the Remaining Time value programmed in EE 0x02 - 
0x03. The remaining time value remains unchanged until 
altered by the RemainingTimeAlarmO function. 

Purpose: 

The RemainingTimeAlarmO function can be used by 
systems that want to adjust when the remaining time 
alarm warning is sent. The remaining time value can 
be read to verify the value in use by the Smart Battery’s 
RemainingTime Alarm( ) . 
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SMBus Protocol: Read or Write Word 

Input/Output: 

Unsigned integer — the point below which remain- 
ing time messages are sent. 

Units: minutes 

Range: 0 to 65,535 minutes 

Granularity: Not applicable 

Accuracy: see AverageTimeToEmptyO 

BatteryMode() (0x03); [0x03] 

Description: 

This function selects the various battery operational 
modes and reports the battery’s mode and requests. 

Defined modes include: 


Purpose: 

The CAPACITY_MODE bit allows power management 
systems to best match their electrical characteristics 
with those reported by the battery. For example, a 
switching power supply represents a constant power 
load, whereas a linear supply is better represented by a 
constant current model. The CHARGER_MODE bit al- 
lows a SMBus Host or Smart Battery Charger to over- 
ride the Smart Battery’s desired charging parameters 
by disabling the bq2060’s broadcasts. The CONDI- 
TION_FLAG bit allows the battery to request a condi- 
tioning cycle. 

SMBus Protocol: Read or Write Word 

Input/Output: 

Unsigned integer — bit mapped — see below. 



Units: not applicable 


■ Whether the battery’s capacity information is 
specified in mAh or lOmWh (CAPACITY_MODE bit) 

■ Whether the ChargingCurrentO and ChargingVoltageO 
values are broadcast to the Smart Battery Charger 
when the Smart Battery requires charging 
(CHARGER_MODE bit) 

■ Whether all broadcasts to the Smart Battery Charger 
and Host are disabled 


Range: 0-1 

Granularity: not applicable 
Accuracy: Not applicable 

The BatteryModeO word is divided into two halves, the 
MSB (bits 8-15) which is read/write and the LSB (bits 
0-7) which is read only. Attempts to set (write l’s) to 
the reserved bits in the LSB are prohibited. 


The defined request condition is the battery requesting a Table 7 summarizes the meanings of the individual bits 

conditioning cycle (CONDITION_FLAG). in the BatteryModeO word and specifies the default val- 

ues if any. Power-on default values, where applicable, 
are noted. 


Table 7. Battery Mode Bits and Values 


Batterv ModeO Bits 

Bits Used Format 

Allowable Values 

INTERNAL_CHARGE_CONTROLLER 

0 

Read only bit flag 


PRIMARY_BATTERY_SUPPORT 

1 

Read only bit flag 


Reserved 

2-6 



CONDITIONAL AG 

7 

Read only bit flag 

0 — Battery OK 

1 — Conditioning cycle requested 

CHARGE_CONTROLLER_ENABLED 

8 

R/W bit flag 


primary jbattery 

9 

R/W bit flag 


Reserved 

10-12 



ALARM_MODE 

13 

R/W bit flag 

0 — Enable alarm broadcast (default) 

1 — Disable alarm broadcast (default) 

CHARGER_MODE 

14 

R/W bit flag 

0 — Enable broadcast to charger (default) 

1 — Disable broadcast to charger 

CAPACITY_MODE 

15 

R/W bit flag 

0 — Report in ma or maH (default) 

1 — Report in lOmw or 10m Wh 
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INTERNAL_CHARGE_CONTROLLER bit is not 

used by the bq2060. 

PRIMARY_BATTERY_SUPPORT bit is not used by 
the bq2060. 

CONDITION_FLAG bit set indicates that the bq2060 
is requesting a conditioning cycle for the battery. A con- 
ditioning cycle may be requested because of the charac- 
teristics of the battery chemistry and/or the electronics 
in combination with the usage pattern. The condition- 
ing cycle is pack specific, but typically consists of a 
full-charge to full-discharge back to full-charge of the 
pack. The bq2060 clears this flag after it detects that a 
conditioning cycle has been completed. 

CHARGE_CONTROLLER_ENABLED bit is not used 
by the bq2060. Set to 0 on “On-State.” 

PRIMARY_BATTERY bit is not used by the bq2060. 
Set to 0 on “On-State.” 

ALARM_MODE bit is set to disable the bq2060’s ability 
to master the SMBus and send AlarmWarningO mes- 
sages to the SMBus Host and the Smart Battery 
Charger. When set, the bq2060 does NOT master the 
SMBus, and AlarmWarningO messages are NOT sent to 
the SMBus Host and the Smart Battery Charger for a 
period of no more than 65s and no less than 45s. 
When cleared (default), the Smart Battery sends the 
AlarmWarningO messages to the SMBus Host and the 
Smart Battery Charger any time an alarm condition is 
detected. 

■ The bq2060 polls the ALARM_MODE bit every 
125ms. Sixty seconds from the time the bit was last 
set, the bq2060 automatically enables alarm 
broadcasts to insure that the accidental deactivation 
of broadcasts does not persist. An SMBus host that 
does not want the bq2060 to be a master on the 
SMBus must therefore continually set this bit at least 
once per 45s to keep the bq2060 from broadcasting 
alarms. 

■ The ALARM_MODE bit defaults to a cleared state 
when the bq2060 detects the SMBus “On-State.” 

■ The condition of the ALARM-MODE bit does NOT 
affect the operation or state of the CHARGER_MODE 
bit which is used to prevent broadcasts of 
ChargingCurrentO and ChargingVoltageO to the 
Smart Battery Charger. 

CHARGER_MODE bit enables or disables the bq2060’s 
transmission of ChargingCurrentO and 
ChargingVoltageO messages to the Smart Battery 
Charger. When set, the bq2060 does NOT transmit 
ChargingCurrentO and ChargingVoltageO values to the 
Smart Battery Charger. When cleared, the bq2060 
transmits the ChargingCurrentO and ChargingVoltageO 
values to the Smart Battery Charger when charging is 
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desired. The CHARGER_MODE bit defaults to a cleared 
state when the bq2060 detects the SMBus “On-State.” 

CAPACITY_MODE bit indicates if capacity informa- 
tion is reported in mA/mAh or lOmW/lOmWh. When 
set, the bq2060 reports capacity information in 
lOmW/lOmWh as appropriate. When cleared, the 
bq2060 reports capacity information in mA/mAh as ap- 
propriate. Set to 0 on “On-State.” 

Note 1: The following functions are changed to accept or 
return values in mA/mAh or lOmW/lOmWh depending 
on the CAPACITY JVIODE bit: 

■ RemainingCapacityAlarmO 

■ AtRateO 

■ RemainingCapacityO 

■ FullChargeCapacityO 

■ DesignCapacityO 

Note 2: The following functions are calculated on the 
basis of capacity and may be calculated differently de- 
pending on the CAPACITY_MODE bit: 

■ AtRateOKO 

■ AtRateTimeToEmptyO 

■ RunTimeToEmptyO 

■ AverageTimeToEmptyO 

■ Remaining Time AlarmO 

■ BatteryStatusO 

AtRate() (0x04); [0x04] 

Description: 

The AtRateO function is the first half of a two-function 
call-set used to set the AtRate value used in calculations 
made by the AtRateTimeToFullO, AtRateTime- 
ToEmptyO, and AtRateOKO functions. The AtRate 
value may be expressed in either current (mA) or power 
(lOmW) depending on the setting of the BatteryModeO’s 
CAPACITY.MODE bit. 

Purpose: 

Since the AtRateO function is the first half of a 
two-function call-set, it is followed by the second func- 
tion of the call-set that calculates and returns a value 
based on the AtRate value and the battery’s present 
state. A delay of 300ms is required after writing 
AtRateO and before reading the second function. 

■ When the AtRate value is positive, the AtRate- 
TimeToFullO function returns the predicted time to 
full-charge at the AtRate value of charge. 
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■ When the AtRate value is negative, the 
AtRateTimeToEmptyO function returns the predicted 
operating time at the AtRate value of discharge. 

■ When the AtRate value is negative, the AtRateOKO 
function returns a Boolean value that predicts the 
battery’s ability to supply the AtRate value of 
additional discharge energy (current or power) for 10 
seconds. 

The default value for AtRateO is zero. Writing AtRateO 
values over the HDQ16 serial port does NOT trigger a 
re-calculation of AtRateTimeToFullO, AtRate- 
TimeToEmptyO, and AtRateOKO functions. 

SMBus Protocol: Read or Write Word 

Input/Output: Signed integer — charge or discharge; 
the AtRate value is positive for charge, negative for dis- 
charge, and zero for neither (default). 


Batterv Mode 


CAPACITY.MODE 
bit = 0 

CAPACITY.MODE 
bit = 1 

Units 

mA 

lOmW 

Charge 

Range 

1-32, 767mA 

1-32,768 lOmW 

Discharge 

Range 

-1- -32,768mA 

-1- -32,768 lOmW 

Granularity 

1 Unit 


Accuracy 

. NA 



AtRateTimeToFullO (0x05);[0x05] 

Description: 

Returns the predicted remaining time to fully charge the 
battery at the AtRate value (mA). 

Purpose: 

The AtRateTimeToFullO function is part of a 
two-function call-set used to determine the predicted re- 
maining charge time at the AtRate value in mA. It may 
be read 300ms after the SMBus Host sets the AtRate 
value. If read before this delay, the command is No Ac- 
knowledged and the error code in BatteryStatus is set to 
“not ready.” Refer to AtRateO. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — predicted time in minutes to 
fully charge the battery. 

Units: minutes 

Range: 0 to 65,534 min 

Granularity: 2 min or better 


Accuracy: ±MaxError() * FullChargeCapac- 
ity()/ 1 AtRateO | 

Invalid Data Indication: 65,535 indicates the bat- 
tery is not being charged. 


Unsigned integer — estimated operating time left. 
Units: minutes 
Range: 0 to 65,534 min 
Granularity: 2 min or better 

Accuracy: -0,+MaxError() * FullChargeCapac- 
ity/ 1 AtRateO | 

Invalid Data Indication: 65,535 indicates the 
battery is not being discharged. 


Description: 

Returns a Boolean value that indicates whether or not 
the battery can deliver the AtRate value of additional 
energy for 10 seconds (Boolean). If the AtRate value is 
zero or positive, the AtRateOKO function ALWAYS re- 
turns true. 

Purpose: 

The AtRateOKO function is part of a two-function 
call-set used by power management systems to deter- 
mine if the battery can safely supply enough energy for 
an additional load. It may be read 300ms after the 
SMBus Host sets the AtRate value. If read before this 
delay, the command is No Acknowledged and the error 
code in BatteryStatus is set to “not ready.” Refer to 
AtRateO. 


Boolean — indicates if the battery can 
supply the additional energy requested. 
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AtRateOKO (0x07); [0x07] 


AtRateTimeToEmptyO (0x06); [0x06] 

Description: 

Returns the predicted remaining operating time if the 
battery is discharged at the AtRate value. 

Purpose: ^ 

The AtRateTimeToEmptyO function is part of a 
two-function call-set used to determine the remaining ^ | 
operating time at the AtRate value. It may be read 
300ms after the SMBus Host sets the AtRate value. If 
read before this delay, the command is No Acknowl- 
edged and the error code in BatteryStatus is set to “not 
ready.” Refer to AtRateO. 

SMBus Protocol: Read Word 

Output: 


SMBus Protocol: Read Word 
Output: 
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Units: Boolean 
Range: TRUE, FALSE 
Granularity: not applicable 
Accuracy: not applicable 

TemperatureO (0x08); [0x08] 

Description: 

Returns the temperature (K) measured by the bq2060. 

Purpose: 

The TemperatureO function provides accurate cell tem- 
peratures for use by battery chargers and thermal man- 
agement systems. A battery charger can use the tem- 
perature as a safety check. Thermal management sys- 
tems may use the temperature because the battery is 
one of the largest thermal sources in a system. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — cell temperature in tenth degree 
Kelvin increments. 

Units: 0.1°K 

Range: 0 to +6553. 5°K {real range} 

Granularity: 0.1°K 
Accuracy: ±2°K 

Voltage() (0x09); [0x09] 

Description: 

Returns the cell-pack voltage (mV). 

Purpose: 

The VoltageO function provides power management sys- 
tems with an accurate battery terminal voltage. Power 
management systems can use this voltage, along with 
battery current information, to characterize devices they 
control. This ability helps enable intelligent, adaptive 
power management systems. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — battery terminal 
voltage in mv. 

Units: mV 

Range: 0 to 20,000 mV 
Granularity: lmV 
Accuracy: lOmV 


17/38 


Current() (0x0a); [0x0a] 

Description: 

Returns the current being supplied (or accepted) 
through the battery’s terminals (mA). 

Purpose: 

The CurrentO function provides a snapshot for the 
power management system of the current flowing into 
or out of the battery. This information is of particular 
use in power management systems because they can 
characterize individual devices and “tune” their opera- 
tion to actual system power behavior. 

SMBus Protocol: Read Word 

Output: 

Signed integer — charge/discharge rate in mA incre- 
ments — positive for charge, negative for discharge. 

Units: mA 

Range: (±300mV/Rs) mA 
Granularity: 1mA 
Accuracy: ±610pV/Rs 

AverageCurrent() (0x0b); [0x0b] 

Description: 

Returns an value that approximates a one-minute roll- 
ing average of the current being supplied (or accepted) 
through the battery’s terminals (mA). The 
AverageCurrentO function returns meaningful values 
during the battery’s first minute of operation. 

Purpose: 

The AverageCurrentO function provides the average 
current flowing into or out of the battery for the power 
management system. 

SMBus Protocol: Read Word 

Output: 

Signed integer — charge/discharge rate in ma incre- 
ments — positive for charge, negative for discharge. 

Units: mA 

Range: 0 to 32,767 ma for charge or 0 
to -32,768 mA for discharge 

Granularity: 1mA 

Accuracy: ±610pV/Rs 

MaxError() (0x0c); [0x0c] 

Description: 

Returns the expected margin of error (%) in the state of 
charge calculation. For example, when MaxErrorQ re- 
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turns 10% and RelativeStateOfChargeO returns 50%, 
the Relative StateOfChargeO is more likely between 50 
and 60%. The MaxErrorO of bq2060 increases between 
“learn” cycles. When a “learn” cycle is performed, 
MaxErrorO is set to 2%. 

If voltage-based corrections are applied to the coulomb 
counter, MaxErrorO is set to 15%. 

Purpose: 

The MaxErrorO function has real value in two ways: 
first, to give the user a confidence level about the state 
of charge and second, to give the power management 
system information about how aggressive it should be, 
particularly as the battery nears the end of its life. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — percent uncertainty for selected 
information. 

Units: % 

Range: 2 to 100% 

Granularity: 1% 

Accuracy: not applicable 

RelativeStateOfChargeO (OxOd); [OxOd] 

Description: 

Returns the predicted remaining battery capacity ex- 
pressed as a percentage of FullChargeCapacityO (%). 

Purpose: 

The RelativeStateOfChargeO function is used to esti- 
mate the amount of charge remaining in the battery rel- 
ative to the last “learned” capacity. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — percent of remaining capacity. 
Units: % 

Range: 0 to 100% 

Granularity: 1% 

Accuracy: -0, +MaxError() 
AbsoluteStateOfChargeO(OxOe); [OxOe] 
Description: 

Returns the predicted remaining battery capacity ex- 
pressed as a percentage of DesignCapacityO (%). Note 
that AbsoluteStateOfChargeO can return values greater 
than 100%. 


Purpose: 

The AbsoluteStateOfChargeO function is used to esti- 
mate the amount of charge remaining in the battery rel- 
ative to the nominal or DesignCapacityO. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — percent of remaining capacity. 
Units: % 

Range: 0 to 100+% 

Granularity: 1% 

Accuracy: -0, +MaxError() 

RemainingCapacity() (OxOf); [OxOf] 

Description: 

Returns the predicted charge or energy remaining in the 
battery. The RemainingCapacityO value is expressed in 
either charge (mAh at a C/5 discharge rate) or energy 
(lOmWh at a P/5 discharge rate) depending on the set- 
ting of the BatteryModeO’s CAPACITY_MODE bit. 

Purpose: 

The RemainingCapacityO function returns the battery’s 
remaining capacity. This information is a numeric indi- 
cation of remaining charge or energy given by the Abso- 
lute or Relative StateOfChargeO functions and may be 
in a better form for use by power management systems, 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — remaining charge in mAh or 
lOmWh. 


Batterv Mode 


CAPACITY_MODE 
bit = 0 

CAPACITY JVIODE 
bit = 1 

Units 

mAh 

10m 

Range 

0-65,535mAh 

0-65,535 lOmWh 

Granularity 

mAh 

lOmWh 

Accuracy 

-0, +MaxError() * FullChargeCapacityO 


FullChargeCapacityO (0x10); [0x10] 

Description: 

Returns the predicted pack capacity when it is fully 
charged. The FullChargeCapacityO value is expressed 
in either current (mAh at a C/5 discharge rate) or power 
(lOmWh at a P/5 discharge rate) depending on the set- 
ting of the BatteryModeO’s CAPACITY_MODE bit. 
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Purpose: 

The FullChargeCapacityO function provides the user 
with a means of understanding the “tank size” of their 
battery. This information, along with information about 
the original capacity of the battery, can be presented to 
the user as an indication of battery wear. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — estimated full charge capacity 
in mAh or lOmWh. 


Battery Mode 


CAPACITY_MODE 
bit = 0 

CAPACITY_MODE 
bit = 1 

Units 

mAh 

lOmWh 

Range 

0-65,535mAh 

0-65,535 lOmWh 

Granularity 

mAh 

10m Wh 

Accuracy 

-0, +MaxError() * FullChargeCapacityO 


RunTimeToEmpty() (0x1 1 ); [0x1 1 ] 

Description: 

Returns the predicted remaining battery life at the pres- 
ent rate of discharge (minutes). The RunTimeToEmptyO 
value is calculated based on either current or power de- 
pending on the setting of the BatteryModeO’s CAPAC- 
ITY_MODE bit. This is an important distinction because 
use of the wrong calculation mode may result in inaccu- 
rate return values. 

Purpose: 

The RunTimeToEmptyO can be used by the power man- 
agement system to get information about the relative 
gain or loss in remaining battery life in response to a 
change in power policy. This information is NOT the 
same as the AverageTimeToEmptyO, which is not suit- 
able to determine the effects that result from a change 
in power policy. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — minutes of operation left. 

Units: minutes 
Range: 0 to 65,534 min 
Granularity: 2 min or better 

Accuracy: -0, +MaxError() * FullChargeCapacityO 
/ CurrentO 

Invalid Data Indication: 65,535 indicates battery is 
not being discharged. 
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AverageTimeToEmptyO (0x12); [0x12] 

Description: Returns a one-minute rolling average of 
the predicted remaining battery life (minutes). The 
AverageTimeToEmptyO value is calculated based on ei- 
ther current or power depending on the setting of the 
BatteryModeO’s CAPACITY_MODE bit. This is an im- 
portant distinction because use of the wrong calculation 
mode may result in inaccurate return values. 

Purpose: 

The AverageTimeToEmptyO displays state-of-charge in- 
formation in a more useful way. By averaging the in- 
stantaneous estimations, the remaining time does not 
appear to “jump” around. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — minutes of operation left. 

Units: minutes 
Range: 0 to 65,534 min 
Granularity: 2 min or better 

Accuracy: -0, +MaxError() * FullChargeCapacityO 
/ AverageCurrentO 

Invalid Data Indication: 65,535 indicates battery is 
not being discharged. 

AverageTimeToFullO (0x13); [0x13] 

Description: Returns a one minute rolling average of 
the predicted remaining time until the Smart Battery 
reaches full charge (minutes). 

Purpose: The AverageTimeToFullO function can be 
used by the SMBus Host’s power management system to 
aid in its policy. It may also be used to find out how long 
the system must be left on to achieve full charge. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — remaining time in minutes. 

Units: minutes 

Range: 0 to 65,534 minutes 

Granularity: 2 minutes or better 

Accuracy: MaxErrorO * FullChargeCapacityO / 
AverageCurrentO 

Invalid Data Indication: 65,535 indicates the 
battery is not being charged. 

ChargingCurrent() (0x14); [0x14] 

Description: Returns the desired charging rate in mA. 
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Purpose: The ChargingCurrentO function sets the 
maximum charge current of the battery. The 
ChargingCurrentO value should be used in combination 
with the ChargingVoltageO value to set the charger’s op- 
erating point. Together, these functions permit the 
bq2060 to dynamically control the charging profile (cur- 
rent/voltage) of the battery. The bq2060 can effectively 
turn off a charger by returning a value of 0 for this func- 
tion. The charger may be operated as a constant voltage 
source above its maximum regulated current range by 
returning a ChargingCurrentO value of 65,535. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — maximum charger output cur- 
rent in ma. 

Units: ma 

Range: 0 to 61,456 ma 
Granularity: 1mA 
Accuracy: not applicable 

Invalid Data Indication: 65,535 indicates that a 
charger should operate as a voltage source outside 
its maximum regulated current range. 

ChargingVoltageO (0x15); [0x15] 

Description: Returns the desired charging voltage in 
mV. 

Purpose: The ChargingVoltageO function sets the max- 
imum charge voltage of the battery The ChargingVolt- 
ageO value should be used in combination with the 
ChargingCurrentO value to set the charger’s operating 
point. Together, these functions permit the bq2060 to dy- 
namically control the charging profile (current/voltage) 
of the battery. The charger may be operated as a con- 
stant current source above their maximum regulated 
voltage range by returning a ChargingVoltageO value of 
65,535. 

SMBus Protocol: Write Word 
Output: 

Unsigned integer — charger output voltage in mV 
Units: mV 

Range: 0 to 61,456 mV 
Granularity: lmV 
Accuracy: not applicable 

Invalid Data Indication: 65,535 indicates the 
charger should operate as a current source outside 
its maximum regulated voltage range. 


BatteryStatus()(0x16); [0x16] 

Description: Returns the Smart Battery’s status word 
(flags). Some of the BatteryStatusO flags (RE- 
MAINING_CAPACITY_ALARM and REMAIN- 
ING_TIME_ALARM) are calculated based on either cur- 
rent or power depending on the setting of the 
BatteryModeO’s CAPACITY_MODE bit. This is impor- 
tant because use of the wrong calculation mode may re- 
sult in an inaccurate alarm. 

Purpose: The BatteryStatusO function is used by the ggpj 
power management system to get alarm and status bits, 
as well as error codes from the bq2060. This is basically 
the same information broadcast to both the SMBus Host j I 
and the Smart Battery Charger by the Alarm WarningO 
function except that the AlarmWarningO function sets 
the Error Code bits all high before sending the data. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — Status Register with alarm con- 
ditions bit mapped as follows: 


Alarm Bits 

0x8000 

OVER CHARGED ALARM 

0x4000 

TERMINATE CHARGE ALARM 

0x2000 

reserved 

0x1000 

OVER TEMP ALARM 

0x0800 

TERMINATE DISCHARGE ALARM 

0x0400 

reserved 

0x0200 

REMAINING CAPACITY ALARM 

0x0100 

REMAINING TIME ALARM 

Status Bits 

0x0080 

INITIALIZED 

0x0040 

DISCHARGING 

0x0020 

FULLY CHARGED 

0x0010 

FULLY DISCHARGED 

Error Codes 

0x0007 

Unknown Error 

0x0006 

BadSize 

0x0005 

Overflow/U nderflow 

0x0004 

AccessDenied 

0x0003 

UnsupportedCommand 

0x0002 

ReservedCommand 

0x0001 

Busy 

0x0000 

OK 


Alarm Bits 

OVER_CHARGED_ALARM bit is set whenever the 
bq2060 detects that the battery is being charged beyond 
an end-of-charge indication. This bit will be cleared 
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when the bq2060 detects that the battery is no longer 
being charged. 

TERMINATE_CHARGE_ALARM bit is set when the 
bq2060 detects that one or more of the battery’s charg- 
ing parameters are out of range (e.g. its voltage or cur- 
rent are too high). This bit will be cleared when the pa- 
rameter falls back in into the allowable range. Failure 
to correct the problem may result in permanent damage 
to the battery. 

OVER_TEMP_ALARM bit will be set when the bq2060 
detects that the internal battery temperature is greater 
than allowed. This bit will be cleared when the internal 
temperature falls back into the acceptable range. 

TERMINATE_DISCHARGE_ALARM bit is set when 
the bq2060 determines that the battery has supplied all 
the charge it can without being damaged (i.e., continued 
use will result in permanent capacity loss to the bat- 
tery). This bit will be cleared when the battery reaches 
a state-of-charge sufficient for it to once again safely 
supply power. 

REMAINING_CAPACITY_ALARM bit is set when the 
bq2060 detects that RemainingCapacityO is less than 
that set by the RemainingCapaeityAlarmO function. 
This bit will be cleared when either the value set by the 
RemainingCapaeityAlarmO function is lower than the 
RemainingCapacityO or when the RemainingCapacityO 
is increased by charging. 

REMAINING JTIME_ALARM bit is set when the 
bq2060 detects that the estimated remaining time at the 
present discharge rate is less than that set by the 
RemainingTimeAlarmO function. This bit will be cleared 
when either the value set by the RemainingTimeAlarmO 
function is lower than the AverageTimeToEmptyO or 
when the AverageTimeToEmptyO is increased by charg- 
ing. 

Status Bits 

INITIALIZED bit is set when the bq2060 is calibrated 
at time of manufacture. It will be cleared when the 
bq2060 detects that its calibration data has been lost or 
altered due to unknown causes. 

DISCHARGING bit is set when the bq2060 determines 
that the battery is not being charged. This bit will be 
cleared when the bq2060 detects that the battery is be- 
ing charged. 

FULLY_CHARGED bit is set when the bq2060 deter- 
mines that the battery has reached a charge termination 
point. This bit will be cleared when the battery may be 
charged again. 

FULLYJDISCHARGED bit is set when the bq2060 de- 
termines that the battery has supplied all the charge it 
can without being damaged (that is, continued use will 
result in permanent capacity loss to the battery). This 
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bit will be cleared when the RelativeStateOfChargeO is 
greater than or equal to 20%. 


Error 

Description 

OK 

The bq2060 processed the function 
code without detecting any errors. 

Busy 

The bq2060 is unable to process the 
function code at this time. 

Reserved 

The bq2060 detected an attempt to 
read or write to a function code re- 
served by this version of the specifica- 
tion. The 2060 detected an attempt to 
access an unsupported optional man- 
ufacturer function code. 

Unsupported 

The bq2060 does not support this 
function code which is defined in this 
version of the specification. 

AccessDenied 

The bq2060 detected an attempt to 
write to a read only function code. 

Over/U nderflow 

The bq2060 detected a data overflow 
or underflow. 

BadSize 

The bq2060 detected an attempt to 
write to a function code with an incor- 
rect data block. 

UnknownError 

The bq2060 detected an unidentifi- 
able error. 


CycleCount()(0x17); [0x17] 

Description: Returns a number which represents the 
total charge removed from the pack. The mAh value of 
each count is determined by programming the Cycle 
Count Threshold value in EE 0x66-0x67. The bq2060 
saves the cycle count value to EEPROM after an update 
to CycleCountO. 

Purpose: The CycleCountO function provides a means 
to determine their battery’s wear. It may be used to give 
advanced warning that the battery is nearing its end of 
life. 

SMBus Protocol: Read Word 
Output: 

Unsigned integer — count of total charge removed 
from the battery over its life. 

Units: cycle 

Range: 0 to 65,534 cycles 65,535 indicates battery 
has experienced 65,535 or more cycles. 

Granularity: 1 cycle 

Accuracy: absolute count 
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DesignCapacity() (0x18); [0x18] 

Description: Returns the theoretical or nominal capac- 
ity of a new pack. The DesignCapacityO value is ex- 
pressed in either current (mAh at a C/5 discharge rate) 
or power (lOmWh at a P/5 discharge rate) depending on 
the setting of the BatteryModeO’s CAPACITY_MODE 
bit. 

Purpose: The DesignCapacityO function is used by the 
SMBus Host’s power management in conjunction with 
FullChargeCapacityO to determine battery wear. The 
power management system may present this informa- 
tion to the user and also adjust its power policy as a re- 
sult. 

SMBus Protocol: Read Word 
Output: 

Unsigned integer — battery capacity in mAh or 
lOmWh. 


Battery Mode 


CAPACITY_MODE 
bit = 0 

CAPACITY_MODE 
bit = 1 

Units 

mAh 

10m Wh 

Range 

0-65,535mAh 

0-65,535 10m Wh 

Granularity 

Not applicable 


Accuracy 

Not applicable 



Design Voltage() (0x1 9); [0x1 9] 

Description: Returns the theoretical voltage of a new 
pack (mV). 

Purpose: The DesignVoltageO function can be used to 
give additional information about a particular Smart 
Battery’s expected terminal voltage. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — the battery’s designed terminal 
voltage in mV 

Units: mV 

Range: 0 to 65,535 mV 
Granularity: not applicable 
Accuracy: not applicable 

Specif icationlnfo() (0x1 a); [0x1 a] 

Description: Returns the version number of the Smart 
Battery specification the battery pack supports, as well 
as voltage and current scaling information in a packed 
unsigned integer. Power scaling is the product of the 
voltage scaling times the current scaling. The 


Specificationlnfo is packed in the following fashion: (ma- 
jor version number * 0x10 + minor revision number) + 
(voltage scaling + current scaling * 0x10) * 0x100. 

The bq2060 VScale (voltage scaling) and IPScale (cur- 
rent scaling) should always be set to zero. 

Purpose: The SpecificationlnfoO function is used by 
the SMBus Host’s power management system to deter- 
mine what information the Smart Battery can provide. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — packed specification number 
and scaling information. 


Field 

Bits 

Used 

Format 

Allowable Values 

Revision 

0...3 

4-bit binary 
value 

0-15 

Version 

4.. .7 

4-bit binary 
value 

1-15 

VScale 

8... 11 

4-bit binary 
value 

0 (multiplies voltage 
by 10 A VScale) 

IPScale 

12... 15 

4-bit binary 
value 

0 (multiplies current 
by 10 A IPScale) 


ManufactureDate() (0x1 b); [0x1 b] 

Description: This function returns the date the cell 
pack was manufactured in a packed integer. The date is 
packed in the following fashion: (year- 1980) * 512 + 
month * 32 + day. 

Purpose: The ManufactureDateO provides the system 
with information that can be used to uniquely identify a 
particular battery pack when used in conjunction with 
SerialNumberO. 

SMBus Protocol: Read Word 

Output: 

Unsigned integer — packed date of manufacture. 


Field 

Bits 

Used 

Format 

Allowable Values 

Day 

0...4 

5-bit binary 
value 

0-31 (corresponds to 
date) 

Month 

5.. .8 

4-bit binary 
value 

1-12 (corresponds to 
month number) 

Year 

9...15 

7-bit binary 
value 

0-127 (corresponds to 
year biased by 1980) 
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SerialNumber() (Oxl c); [0x1 c] 

Description: This function is used to return a serial 
number. This number, when combined with the 
ManufacturerNameO, the DeviceNameO, and the 
ManufactureDateO, uniquely identifies the battery (un- 
signed int). 

Purpose: The SerialNumberO function is used to iden- 
tify a particular battery. This may be important in sys- 
tems that are powered by multiple batteries where the 
system can log information about each battery that it 
encounters. 

SMBus Protocol: Read Word 
Output: 

Unsigned integer 

ManufacturerNameO (0x20); [0x20-0x25] 

Description: This function returns a character array 
containing the battery’s manufacturer’s name. For ex- 
ample, “MyBattCo” would identify the Smart Battery’s 
manufacturer as MyBattCo. 


Purpose: The DeviceChemistryO function gives cell 
chemistry information for use by charging systems. The 
bq2060 does not use DeviceChemistyO values for inter- 
nal charge control or fuel gauging. 

SMBus Protocol: Read Block 

Output: 

String — character string with maximum length of 5 
characters (5+length byte). 

Note: The following is a partial list of chemistries and 
their expected abbreviations. These abbreviations are 
NOT case sensitive. 


Lead Acid PbAc 

Lithium Ion LION 

Nickel Cadmium NiCd 

Nickel Metal Hydride NiMH 

Nickel Zinc NiZn 

Rechargeable Alkaline-Manganese RAM 

Zinc Air ZnAr 


Purpose: The ManufacturerNameO function returns 
the name of the Smart Battery’s manufacturer. The 
manufacturer’s name can be displayed by the SMBus 
Host’s power management system display as both an 
identifier and as an advertisement for the manufacturer. 
The name is also useful as part of the information re- 
quired to uniquely identify a battery. 

SMBus Protocol: Read Block 

Output: 

String — character string with maximum length of 
11 characters (11+length byte). 

DeviceNameO (0x21); [0x28-0x2b] 

Description: This function returns a character string 
that contains the battery’s name. For example, a 
DeviceNameO of “BQ2060A” would indicate that the bat- 
tery is a model BQ2060A. 

Purpose: The DeviceNameO function returns the bat- 
tery’s name for identification purposes. 

SMBus Protocol: Read Block 

Output: 

String — character string with maximum length of 7 
characters (7+lengthbyte). 

DeviceChemistryO (0x22); [0x30-0x32] 

Description: This function returns a character string 
that contains the battery’s chemistry. For example, if 
the DeviceChemistryO function returns “NiMH,” the bat- 
tery pack would contain nickel metal hydride cells. 
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ManufacturerData() (0x23); [0x38-0x3a] 

Description: This function allows access to the manu- 
facturer data contained in the battery (data). 

Purpose: The ManufacturerDataO function may be 
used to access the manufacturer’s data area. The data 
fields of this command are free locations and may in- 
clude items such as: lot codes, number of deep cycles, 
discharge patterns, deepest discharge, etc. 

SMBus Protocol: Read Block 

Output: 

Block data — data whose meaning is assigned by the 
manufacturer with maximum length of 5 charac- 
ters (5+length byte). 

Pack Status and Pack Configuration (0x2f); [0x2f] 

This function returns the Pack Status and Pack Config- 
uration registers. The Pack Status register contains a 
number of status bits relating to the bq2060 secondary 
protection of Li-Ion cells. The Pack Status register is the 
least significant byte of the word. 


COK 


b7 

b6 

b5 

b4 

b3 b2 

bl 

bO 

- 

- 

- 

- 

COK DOK 

cvov 

cvuv 


The COK bit indicates the status of the CFC pin of the 
bq2060. 

0 CFC pin is low 
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1 CFC pin is high 

DOK 

The DOK bit indicates the status of the DFC pin of the 
bq2060 

0 DFC pin is low 


EEPROM Programming 

The following sections describes the function of each 
EEPROM location and how the data is to be stored. 

Fundamental Parameters 


1 DFC pin is high 

cvov 

The CVOV bit indicates if any individual cell exceeded 
the programmed high voltage limit. The bit applies to 
batteries of lithium chemistry only. The bit is not latched 
and merely reflects the present over voltage status. 

0 All series cells are below the high voltage limit 

1 A series cell is above the high voltage limit 

cvuv 

The CVUV bit indicates if any individual cell falls below 
the programmed low-voltage limit. The bit applies to 
batteries of lithium chemistry only. The bit is not latched 
and merely reflects the present over voltage status. 

0 All series cells are above the low-voltage limit 

1 A series cell is below the low voltage limit 

The Pack Configuration register reflects how the bq2060 
is configured as defined by the value programmed in 
Pack Configuration in EE 0x3f. 

VCELL4-VCELL1 (0x3c-0x3f); [0x3c-0x3f] 

These functions return the calculated voltages in mV at 
the VCELL 4 through VCELLi inputs. 

EEPROM 


Sense Resistor Value 


N' 

jl 

ADC Sense Resistor = ^ 

(Rs) 

The 16 -bit VFC Sense Resistor in EE 0x6e-0x6f scales 
each VFC interrupt to mAh. VFC Sense Resistor is based 
on the resistance of the series sense resistor. The follow- 
ing formula computes a nominal or starting value for 
VFC Sense Resistor from the sense resistor value. 

VFC Sense Resistor = (4) 

Rs 

Sense resistor values are limited to the range of 0.00916 
toO.lOOa 


Two factors are used to scale the current related mea- 
surements. The 16-bit ADC Sense Resistor value in EE 
0x6c-0x6d scales CurrentO to mA. Adjusting ADC Sense 
Resistor from its nominal value provides a method to 
calibrate the current readings for system errors and the 
sense resistor value (Rs) . The nominal value is set by 


Digital Filter 


The desired digital filter threshold, VDF (pV), is set by 
calculating the value stored in Digital Filter EE 0x63. 


Digital Filter = Int 


{ 


1.125E - 02] 
(VDF *5) J 


+ 


0.5 


Cell Characteristics 


(5) 


General 

The bq2060 accesses the external EEPROM during a 
full reset and when storing historical data. During an 
EEPROM access, the VOUT pin becomes active and the 
bq2060 uses the ESCL and ESDA pins to communicate 
with the EEPROM. The EEPROM stores basic configu- 
ration information for use by the bq2060. The EEPROM 
must be programmed correctly for proper bq2060 opera- 
tion. 

Memory Map 

Table 8 shows the memory map for the EEPROM. It 
also contains example data for a 10 series NiMH battery 
pack with a 0.05Q sense resistor. 


Battery Pack Capacity 

Pack capacity is programmed in mAh units to Design 
Capacity in EE 0x10-0x11, FCC in EE 0x52-0x53, and 
Pack Capacity in EE 0x6a-0x6b. In mAh mode, the 
bq2060 copies Design Capacity to DesignCapacityO. In 
mWh mode, the bq2060 multiplies Design Capacity by 
Design Voltage EE 0x12-0x13 to calculate 
DesignCapacityO scaled to 10*mWh. Design Capacity is 
a static value that represents the nominal pack capacity. 

The initial pack capacity is programmed in FCC. FCC is 
modified over the course of pack usage to reflect cell ag- 
ing under the particular use conditions. The bq2060 up- 
dates FCC after a capacity learning cycle. 
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Table 8. EEPROM Memory Map 


EEPROM 

Address 

Name 

Chemistry 

NiMH 

Example 

Data 

Li-Ion 

Example 

Data 

MSB 

LSB 

MSB 

LSB 

0x00 


Block Length 

Li-Ion, Nickel 

127 

_ 

7f 

127 


7f 

0x01 


Reserved 

_ 

0 

_ 

00 

0 

. 

00 

0x02 

0x03 

Remaining Time Alarm 

Li-Ion, Nickel 

10 minutes 

00 

0a 

10 minutes 

00 

Oa 

0x04 

0x05 

Remaining Capacity Alarm 

Li-Ion, Nickel 

350mAh 

01 

5e 

400mAh 

01 

90 

0x06 


Slave Mode 

Li-Ion, Nickel 

0 

- 

00 

0 

- 

00 

0x07 


Reserved 

- 

255 

- 

ff 

255 

- 

ff 

0x08 


Reserved 

_ 

0 

- 

00 

0 

- 

00 

0x09 


Reserved 

- 

0 

- 

00 

0 

- 

00 

0x0a 

0x0b 

Charging Voltage 

Li-Ion, Nickel 

65535mV 

ff 

ff 

12600mV 

31 

38 

0x0c 

OxOd 

Battery Status 

Li-Ion, Nickel 

128 

00 

80 

128 

00 

80 

OxOe 

OxOf 

Cycle Count 

Li-Ion, Nickel 

0 

00 

00 

0 

00 

00 

0x10 

Oxll 

Design Capacity 

Li-Ion, Nickel 

4000mAh 

Of 

aO 

4050m All 

Of 

d2 

0x12 

0x13 

Design Voltage 

Li-Ion, Nickel 

12000mV 

2e 

eO 

10800mV 

2a 

30 

0x14 

0x15 

Specification Information 

Li-Ion, Nickel 

vl.l = 33 

00 

21 

vl.l = 33 

00 

21 

0x16 

0x17 

Manufacture Date 

Li-Ion, Nickel 

2/25/99=9817 

26 

59 

2/25/99=9817 

26 

59 

0x18 

0x19 

Serial Number 

Li-Ion, Nickel 

1 

00 

01 

1 

00 

01 

Oxla 

Ox lb 

Fast-Charging Current 

Li-Ion, Nickel 

4000mA 

Of 

aO 

3000mA 

Ob 

b8 

Oxlc 

Oxld 

Maintenance Charging 
Current 

Li-Ion, Nickel 

200mA 

00 

c8 

OmA 

00 

00 

Oxle 

Oxlf 

Pre-Charge Current 

Li-Ion, Nickel 

800mA 

03 

20 

100mA 

00 

64 

0x20 


Manufacturer Name Length 

Li-Ion, Nickel 

9 

- 

09 

9 

- 

09 

0x21 


Character 1 

Li-Ion, Nickel 

B 

_ 

42 

B 

- 

42 

0x22 


Character 2 

Li-Ion, Nickel 

E 

- 

45 

E 

- 

45 

0x23 


Character 3 

Li-Ion, Nickel 

N 

_ 

4e 

N 

- 

4e 

0x24 


Character 4 

Li-Ion, Nickel 

C 

- 

43 

C 

- 

43 

0x25 


Character 5 

Li-Ion, Nickel 

H 

- 

48 

H 

- 

48 

0x26 


Character 6 

Li-Ion, Nickel 

M 

_ 

4d 

M 

- 

4d 

0x27 


Character 7 

Li-Ion, Nickel 

A 

- 

41 

A 

- 

41 

0x28 


Character 8 

Li-Ion, Nickel 

R 

_ 

52 

R 

- 

52 

0x29 


Character 9 

Li-Ion, Nickel 

Q 

. 

51 

Q 

- 

51 

0x2 a 


Character 10 

Li-Ion, Nickel 

0 

. 

00 

0 

- 

00 

0x2b 


Character 11 

Li-Ion, Nickel 

0 

_ 

00 

0 

- 

00 

0x2c 


Current Taper Threshold 

Li-Ion 

0 

_ 

00 

200mA 

- 

08 

0x2 d 


EDV0F 

Li-Ion 

0 

_ 

00 

51 

- 

33 

0x2e 

0x2f 

Maximum Overcharge 

Li-Ion, Nickel 

200mAh 

ff 

38 

2 5 6m Ah 

ff 

00 

0x30 


Device Name Length 

Li-Ion, Nickel 

7 

_ 

07 

7 

_ 

07 

0x31 


Character 1 

Li-Ion, Nickel 

B 

- 

42 

B 

- 

42 


Note: Reserved locations must be set as shown. Locations marked with an * are calibration values that can be 

adjusted for maximum accuracy. For these locations the table shows the appropriate default or initial setting. 
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Table 8. EEPROM Memory Map (Continued) 


EEPROM 

Address 

Name 

Chemistry 

NiMH 

Example 

Data 

Li-Ion 

Example 

Data 

MSB 

LSB 

MSB 

LSB 

0x32 


Character 2 

Li-Ion, Nickel 

Q 

- 

51 

Q 

- 

51 

0x33 


Character 3 

Li-Ion, Nickel 

2 

- 

32 

2 

- 

32 

0x34 


Character 4 

Li-Ion, Nickel 

0 

- 

30 

0 

- 

30 

0x35 


Character 5 

Li-Ion, Nickel 

6 

- 

36 

6 

- 

36 

0x36 


Character 6 

Li-Ion, Nickel 

0 

- 

30 

0 

- 

30 

0x37 


Character 7 

Li-Ion, Nickel 

A 

- 

41 

A 


41 

0x38 

0x39 

Overload Current 

Li-Ion, Nickel 

6000mA 

e8 

90 

6000mA 

e8 

90 

0x3 a 


Current Taper Cell Voltage 

Li-Ion 

0 

_ 

00 

4150mV 


89 

0x3b 


Overvoltage Margin 

Li-Ion, Nickel 

0 

. 

00 

800mV 

_ 

80 

0x3c 


Overcurrent Margin 

Li-Ion, Nickel 

200mA 

_ 

0c 

512mA 

_ 

20 

0x3d 


Fast Charge Termination % 

Li-Ion, Nickel 

96% 

- 

aO 

100% 


64 

0x3e 


Reserved 

- 

0 

- 

00 

0 

- 

00 

0x3f 


Pack Configuration 

Li-Ion, Nickel 

235 

. 

eb 

230 

- 

e6 

0x40 


Device Chemistry Length 

Li-Ion, Nickel 

4 


04 

4 

_ 

04 

0x41 


Character 1 

Li-Ion, Nickel 

N 

- 

4e 

L 

- 

4c 

0x42 


Character 2 

Li-Ion, Nickel 

I 

. 

49 

I 

- 

49 

0x43 


Character 3 

Li-Ion, Nickel 

M 

. 

4d 

O 

- 

4f 

0x44 


Character 4 

Li-Ion, Nickel 

H 


48 

N 

- 

4e 

0x45 


Character 5 

Li-Ion, Nickel 

0 


00 

0 

- 

00 

0x46 


Near Full % 

Li-Ion, Nickel 

96% 


f6 

99.6% 

- 

ff 

0x47 


Temperature Offset* 

Li-Ion, Nickel 

0 


00 

0 

_ 

00 

0x48 

0x49 

ADC Full Scale Voltage* 

Li-Ion, Nickel 

20000 

4e 

20 

20000 

4e 

20 

0x4a 

0x4b 

EDV0 

Li-Ion, Nickel 

9500mV 

da 

e4 

2850mV 

f4 

de 

0x4c 

0x4d 

EDV1 

Li-Ion, Nickel 

10500mV 

d6 

fc 

3250mV 

f3 

4e 

0x4e 

0x4f 

EDV2 

Li-Ion, Nickel 

HOOOmV 

d5 

08 

3375mV 

12 

dl 

0x50 


Reserved 

- 

0 

i 

00 

0 

- 

00 

0x51 


Cell 4 Calibration Factor * 

Li-Ion 

0 

- 

00 

0 

- 

00 

Efficiency Reduction Rate 

Nickel 

1% 

_ 

50 

0 

- 

00 

0x52 

0x53 

FCC 

Li-Ion, Nickel 

4000mAh 

Of 

aO 

40 50m Ah 

Of 

d2 

0x54 


EDV1F 

Li-Ion 

0 

- 

00 

18 

- 

12 

0x55 


FET Control 

Li-Ion 

0 

- 

00 

255 

- 

ff 

0x56 


Cell 2 Calibration Factor* 

Li-Ion 

0 

- 

00 

0 

- 

00 

Efficiency Temperature 
Compensation 

Nickel 

1% 

- 

80 

0 

- 

00 

0x57 


Cell 3 Calibration Factor * 

Li-Ion 

0 

- 

00 

0 

- 

00 

Efficiency Drop Off Percent- 
age 

Nickel 

96% 

- 

aO 

0 

- 

00 

0x58 


Reserved 

_ 

0 

- 

00 

0 

. 

00 

0x59 


Reserved 

- 

0 

- 

00 

0 

- 

00 


Note: Reserved locations must be set as shown. Locations marked with an * are calibration values that can be 

adjusted for maximum accuracy. For these locations the table shows the appropriate default or initial setting. 
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Table 8. EEPROM Memory Map (Continued) 


EEPROM 

Address 

Description 

Chemistry 

NiMH 

Example 

Data 

Li-Ion 

Example 

Data 

MSB 

LSB 

MSB 

LSB 

0x5a 


Internal Temperature Gain 
Factor* 

Li-Ion, Nickel 

0 

- 

00 

0 


00 

0x5b 


Reserved 

_ 

0 


00 

0 

_ 

00 

0x5c 

0x5d 

VFC Offset* 

Li-Ion, Nickel 

0 

00 

00 

0 

00 

00 

0x5e 


VFC Offset * 

Li-Ion, Nickel 

0 

- 

00 

0 

- 

00 

0x5f 


Reserved 

_ 

0 

- 

00 

0 

_ 

00 

0x60 


MaxT DeltaT 

Li-Ion, Nickel 

50C, 3.0 

- 

c7 

50C, 4.6 

_ 

cf 

0x61 


EDV2F 

Li-Ion 

0 


00 

128 

. 

80 

DeltaT Time 

Nickel 

180s 


17 

0 

. 

00 

0x62 


DeltaT Holdoff Time 

Nickel 

240s 


f4 

0 

_ 

ff 

0x63 


Digital Filter 

Li-Ion, Nickel 

lOOpV 


17 

lOOnV 

- 

17 

0x64 


Self-Discharge Rate 

Li-Ion, Nickel 

1% 

- 

cb 

0.21% 

- 

04 

0x65 


High Charge Efficiency 

Li-Ion, Nickel 

95% 

- 

cd 

100% 

- 

ff 

0x66 

0x67 

Cycle Count Threshold 

Li-Ion, Nickel 

500mAh 

fe 

0c 

3240mAh 

f3 

58 

0x68 


Battery Low % 

Li-Ion, Nickel 

12% 

- 

le 

7% 

- 

12 

0x69 


Fully Charged Clear % 

Li-Ion, Nickel 

90% 

- 

a6 

95% 

_ 

5f 

0x6a 

0x6b 

Pack Capacity 

Li-Ion, Nickel 

4000mAh 

Of 

aO 

4050mAh 

Of 

d2 

0x6c 

0x6d 

ADC Sense Resistor * 

Li-Ion, Nickel 

0.05C2 

30 

d4 

0.05£1 

30 

d4 

0x6e 

0x6f 

VFC Sense Resistor * 

Li-Ion, Nickel 

0.05Q 

20 

00 

0.05f2 

20 

00 

0x70 

0x71 

VOC 25% 

Li-Ion, Nickel 

11500mV 

d3 

14 

10550m V 

d6 

ca 

0x72 

0x73 

VOC 50% 

Li-Ion, Nickel 

12500mV 

cf 

2c 

10750mV 

d6 

02 

0x74 

0x75 

VOC 75% 

Li-Ion, Nickel 

13500mV 

cb 

44 

11200mV 

d4 

40 

0x76 


Reserved 

- 

0 

- 

00 

0 

_ 

00 

0x77 


Reserved 


o 

- 

00 

0 

- 

00 

0x78 


Reserved 


0 

_ 

00 

0 

- 

00 

0x79 


Reserved 

_ 

0 

. 

00 

0 

- 

00 

0x7a 


Reserved 

- 

0 

- 

00 

0 

- 

00 

0x7b 


Reserved 

_ 

0 

- 

00 

0 

_ 

00 

0x7c 


Reserved 

_ 

0 

- 

00 

0 

- 

00 

0x7d 


Reserved 

_ 

0 

- 

00 

0 

_ 

00 

0x7e 


ADC Current Offset * 

Li-Ion, Nickel 

0 

- 

00 

0 

_ 

00 

0x7f 


Check Byte 1 

Li-Ion, Nickel 

165 

- 

a5 

165 

- 

a5 


Note: Reserved locations must be set as shown. Locations marked with an * are calibration values that can be adjusted 

for maximum accuracy. For these locations the table shows the appropriate default or initial setting. 
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EDV Thresholds and Near Full Percentage 


Xa = 


AEDV 

AT 


for T < 15°C 


The bq2060 uses three pack voltage thresholds to apply 
voltage based corrections to RM, and to provide voltage 
based warnings of low battery capacity. EDVO, EDV1, 
and EDV2, are stored in 2’s complement of the desired 
voltage (mV) in the locations EDVO in EE 0x4a-0x4b, 
EDV1 in EE 0x4c-0x4d, and EDV2 in EE 0x4e-0x4f, re- 
spectively For capacity correction at EDV2, Battery Low 
% EE 0x68 can be set at a desired state-of-charge, 
STATEOFCHARGE%, in the range of 5 to 20%. Typical 
values for STATEOFCHARGE% are 7-12% representing 
7 -12% capacity. 

Battery Low % = STATEOFCHARGE% *2.56 (6) 

The bq2060 updates FCC if a qualified discharge occurs 
from a near full threshold to EDV2. The near full 
threshold is programmed in Near Full % in EE 0x46. 

Near Full % = STATEOFCHARGE% * 2.56 (7) 


EDV Discharge Rate and Temperature 
Compenstaion 

The bq2060 uses configuration parameters EDVOF in 
EE 0x2d, EDV IF in EE 0x54, and EDV2F in EE 0x61 to 
set the compensations for the three thresholds according 
to the following equations. 

AEDV represents the shift in the end-of-discharge 
threshold levels for a change in temperature or rate. Set- 
ting EDVOF \ EDV1F, and EDV2F to 0 disables compen- 
sation to the thresholds. 


where 


EDVOF = Int[1000 * Xi * 25.6] 


0<Xi< 0.099 
AEDV 

Xi = ——for T > 15°C 
AT 


and 


EDV IF = Int 


1000 *X 2 *256 


DC 


(8) 


(9) 


where 


0 < — < 0.996 
DC 


X 2 = 


AEDV 

AR 


for R > 0.5C and DC = DesignCapacityO 


and 


where 


EDV2F = Int[12800 * X 3 ] 


GO) 


0<X 3 < 0.199 


The bq2060 applies the EDV compensation only when 
the CHEM bit is set in Pack Configuration denoting a 
Li-Ion pack. 

Overload Current Threshold 

The Overload Current threshold is a 16-bit value stored 
in EE 0x38-0x39. It is stored in 2’s complement form us- 
ing mA units. 

Mid Range Capacity Corrections 

Three voltage-based thresholds, VOC25 EE 0x70-0x71, 
VOC50 EE 0x72-0x73, and VOC75 EE 0x74-0x75, are 
used to test the accuracy of the RM based on 
open-circuit pack voltages. These thresholds are stored 
in the EE PROM in 2’s complement of voltage in mV. 
The values represent the open-circuit battery voltage at 
which the battery capacity should correspond to the as- 
sociated state of charge for each threshold. 


Threshold 

Associated State of Charae 

VOC25 

25% 

VOC50 

50% 

VOC75 

75% 


Self-Discharge Rate 

The nominal self-discharge rate, %PERDAY, is pro- 
grammed in an 8-bit value Self-Discharge Rate EE0x64 
by the following relation: 


(ID 


Self - Discharge Rate 


2's 



53 

%PERDAY 


+ 0.5 


Charge Efficiency 

The bq2060 uses four charge efficiency factors to com- 
pensate for charge acceptance. These factors are coded 
in High-Charge Efficiency , Efficiency Reduction Rate , Ef- 
ficiency Drop Off Percentage, and Efficiency Temperature 
Compensation. 

The bq2060 applies the efficiency factor, EFF%, when 
RelativeStateofChargeO is less than the value coded in 
Efficiency Drop Off Percentage EE 0x57. When 
RelativeStateOfChargeO is greater than or equal to the 
value coded in Efficiency Drop Off Percentage , EFF% 
and ERR% determine the charge efficiency rate. ERR% 
defines the percent efficiency reduction per percentage 
point of RelativeStateofChargeO over Efficiency Drop 
Off Percentage. EFF% is encoded in High Charge Effi- 
ciency EE 0x65 according to the following equation 
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High Charge Efficiency = 10 * (EFF% - 74.5) (12) 
where 


74.5 < EFF% <100. 

ERR% is encoded in Efficiency Reduction Rate EE 0x51 
according to the following equation 

Efficiency Reduction Rate = ■ (13) 

0.0125 


where 


0 < ERR% < 3.19. 

The Efficiency Drop Off Percentage is stored in 2’s com- 
plement of percent. 

The bq2060 also adjusts the efficiency factors for tem- 
perature. TEFF% defines the percent efficiency reduc- 
tion per degree C over 25°C. TEFF% is encoded in Effi- 
ciency Temperature Compensation EE 0x56 according to 
the following equation 


Efficiency Temperature Compensation = 


(14) 

TEFF%*1.6 

0.0125 


where 


0 < TEFF% <1.99. 

The bq2060 applies all four charge-compensation factors 
when the CHEM bit in Pack Configuration is not set de- 
noting a nickel pack. If CHEM is set denoting a Li-Ion 
pack, the bq2060 applies only the value coded in High 
Charge Efficiency and makes no other adjustments for 
charge acceptance. 

Charge Limits and Termination 
Techniques 

Charging Voltage 

The 16-bit value, Charging Voltage EE OxOa-OxOb, pro- 
grams the ChargingVoltageO value broadcast to a Smart 
Charger. It is also sets the base value for determining 
overvoltage conditions during charging and voltage com- 
pliance during a constant-voltage charging methodology. 
It is stored in mV. 

Overvoltage 

The 8-bit value, Overvoltage Margin EE 0x3b, sets the 
limit over ChargingVoltageO that is to be considered as 
an overvoltage charge suspension condition. The voltage 
in mV above the ChargingVoltageO, VOVM, that should 
trigger a charge suspend is encoded in Overvoltage Mar- 
gin as follows 
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Overvoltage Margin = 


[VOVM] 

16 


(15) 


VOVM is between 0 and 4080mV. 


Charging Current 

ChargingCurrentO values are either broadcast to a 
Level 2 Smart Battery Charger or read from the bq2060 
by a Level 3 Smart Battery Charger. The bq2060 sets 
the value of ChargingCurrentO, depending on the 
charge requirements and charge conditions of the pack. 

When fast charge is allowed, the bq2060 sets 
ChargingCurrentO to the rate programmed in Fast 
Charging Current EE Oxla-Oxlb. 

When fast charge terminates, the bq2060 sets 
ChargingCurrentO to zero and then to the Maintenance 
Charging Current EEOxlc-Oxld when the termination 
condition ceases. 

When VoltageO is less than EDV0, the bq2060 sets 
ChargingCurrentO to Pre-charge Current EE Oxle-Oxlf. 
Typically this rate is larger than the maintenance rate 
to charge a deeply depleted pack up to the point where it 
may be fast charged. 

Fast Charging Current , Maintenance Charging Current , 
and Pre-Charge Current are stored in mA. 


Charge Suspension 

During charge, the bq2060 compares the current to the 
ChargingCurrentO plus the value IOIM. If the pack is 
charged at a current above the ChargingCurrentO plus 
IOIM, the bq2060 sets ChargingCurrentO set to zero to 
stop charging. IOIM is programmed in the EEPROM 
value, Overcurrent Margin, encoded as: 

Overcurrent Margin = (13) 


Overcurrent Margin EE 0x3c may be used to program 
IOIM values of 0 to 4080mA in 16mA steps. 

The desired temperature threshold for charge suspen- 
sion, MAXTEMP, may be programmed between 45°C 
and 69°C in 1.6°C steps. MaxT EE 0x60 is stored in a 
4-bit value as shown: 


MaxT = Inti 


69 - MAXTEMP 

1.6 


+ 0.5 


(17) 


The bq2060 suspends fast charge when fast charge con- 
tinues past full by the amount programmed in Maxi- 
mum Overcharge EE 0x2e-0x2f. Maximum Overcharge 
is programmed in 2’s complement form of charge in 
mAh. 
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FULLY_CHARGED Bit Clear Threshold 

The bq2060 clears the FULLY_CHARGED bit in 
BatteryStatusO when RelativeStateOfChargeO reaches 
the value, Fully Charged Clear % EE 0x69. Fully 
Charged Clear % is an 8-bit value and is stored as a 2’s 
complement of percent. 

Fast Charge Termination Percentage 

The bq2060 sets RM to a percentage of FCC upon charge 
termination if the CSYNC bit is set in the Pack Configu- 
ration register. The percentage of FCC is stored in Fast 
Charge Termination % in EE 0x3d. The value is stored 
in 2’s complement of percent. 

Cycle Count Threshold 

Cycle Count Threshold 0x66-0x67 sets the number of 
mAh that must be removed from the battery to incre- 
ment CycleCount(). Cycle Count Threshold is a 16-bit 
value stored in 2’s complement of charge in mAh. 

AT/At Rate and Hold-off Programming 


DeltaT 

Hold-off 

Time 

Hold-off 
Time (s) 

DeltaT 

Hold-off 

Time 

Hold-off 
Time (s) 

fO 

320 

f8 

160 

fl 

300 

f9 

140 

f2 

280 

fa 

120 

f3 

260 

fb 

100 

f4 

240 

fc 

80 

f5 

220 

fd 

60 

f6 

200 

fe 

40 

f7 

180 

ff 

20 


Current Taper Termination Characteristics 

Two factors in the EEPROM set the current taper termi- 
nation for Li-Ion battery packs. The two coded locations 
are Current Taper Cell Voltage EE 0x3a. Current taper 
termination occurs during charging when the highest 
cell voltage in the pack is greater than the voltage 
CELLV (mV) and the charging current is below the 
threshold coded in Current Taper Threshold EE 0x2c for 
at least 40s. 


The AT portion of the AT/At rate is programmed in 
DeltaT , the low nibble of MaxT DeltaT EE 0x60. The At 
portion is programmed in. DeltaT Time EE 0x61. 

AT/At = [ £>e/taT * 2+ 16 J (18) 

[2s {DeltaT Time)* 3.33] 


(19) 

Current Taper Cell Voltage = — 3600^ 


where 


DeltaT 

AT (°C) 

DeltaT Time 

At(s) 

0 

1.6 

10 

320 

1 

1.8 

fl 

300 

2 

2.0 

12 

280 

3 

2.2 

f3 

260 

4 

2.4 

f4 

240 

5 

2.6 

f5 

220 

6 

2.8 

f6 

200 

7 

3.0 

17 

180 

8 

3.2 

18 

160 

9 

3.4 

19 

140 

a 

3.6 

fa 

120 

b 

3.8 

lb 

100 

c 

4.0 

fc 

80 

d 

4.2 

fd 

60 

e 

4.4 

fe 

40 

f 

4.6 

ff 

20 


3600 < CELLV < 4620mV 

fRs * i 


Current Taper Threshold = Int 


22.50 


*20 


where i = the desired current termination threshold in 
mA and Rs = VFC sense resistor in ohms. 


Pack Options 

Pack Configuration 

Pack Configuration EE 0x3f contains bit-programmable 
features. 


b7 

b6 

b5 

b4 

b3 

b2 

bl 

b0 

DMODE 

SEAL 

CSYNC 

INTEMP 

VCOR 

CHEM 

LCC 

1 

LCC 

0 


AT/At Hold-off Timer Programming 

The hold-off timer is programmed in the lower nibble of 
DeltaT Holdoff Time EE 0x62. The hold-off time is 
20sec times the 2’s complement of the DeltaT Holdoff 
Time value. 
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DMODE 

The DMODE bit determines whether the LED outputs 
will indicate AbsoluteStateOfChargeO or 
RelativeStateOfChargeO 

0 LEDs reflect AbsoluteStateOfChargeO 

1 LEDs reflect RelativeStateOfChargeO 

SEAL 

The SEAL bit determines the SMBus access state of the 
bq2060 on reset 

0 SMBus commands (OxOO-Oxff) are accessible for 
both read and write. 

1 SMBus read access is limited to commands 
(OxOO-Oxlc), (0x20-0x23), (0x2f), (0x3c-0x3f) and 
SMBus write access is limited to commands 
(0x00-0x04). 

CSYNC 

In usual operation of the bq2060, the CSYNC bit is set 
so that the coulomb counter is adjusted when a fast 
charge is detected. In some applications, especially those 
where an externally controlled charger is used, it may be 
desirable NOT to adjust the coulomb counter. In these 
cases the CSYNC bit should be cleared. 

0 The bq2060 does not alter RM at the time of a valid 
charge termination 

1 The bq2060 sets update RM with a programmed 
percentage of FCC. 

INTEMP 

The INTEMP bit determines whether the bq2060 uses 
its internal temperature sensor or an external tempera- 
ture sensor connected to TS. 

0 The bq2060 uses the external thermistor 

1 The bq2060 uses its internal temperature sensor 

The recommended mode of operation is to use a thermis- 
tor and set INTEMP = 0. 

VCOR 

The VCOR bit enables the mid range voltage correction 
algorithm. When set, the bq2060 compares the pack volt- 
age to RM and may adjust RM according to the values 
programmed in VOC25, VOC50, and VOC75. 

0 Mid-range corrections disabled 

1 Mid-range corrections enabled 
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CHEM 

The CHEM bit configures the bq2060 for nickel packs 
(NiCD or NiMH) or Li-Ion packs. When set the bq2060 
employs the configuration parameters in EEPROM des- 
ignated for Li-Ion. When not set, the bq2060 employs 
the configuration parameters designated for Nickel. 

0 The bq2060 uses Nickel configuration parameters 

1 The bq2060 uses Li-Ion configuration parameters 

LCC0 and LCC1 

The LCC0 and LCC1 bits configure the cell voltage in- 
puts (VCELLi_ 4 ). 


No. of Series 
Cells 

LCC1 LCC0 

Cell Voltage 
Inputs 

1 

00 

VCELL1 = Cell 1 

2 

01 

VCELL1 = Cell 1 
VCELL2 = Cell 2 

3 

10 

VCELL1 = Cell 1 
VCELL2 = Cell 2 
VCELL3 = Cell 3 

4 

11 

VCELL1 = Cell 1 
VCELL2 = Cell 2 
VCELL3 = Cell 3 
VCELL4 = Cell 4 


For Li-Ion packs, LCC0 and LCC1 define the number of 
series elements and their voltage measurement inputs. 
In each case, the bq2060 uses the highest numbered cell 
voltage input to measure the pack voltage measurement 
as returned with VoltageO. For nickel chemistries, LCC0 
and LCC1 define the pack voltage input. For nickel, the 
recommended setting is 11 to designate VCELL4 as the 
pack voltage input. 

Remaining Time and Capacity Alarms 

Remaining Time Alarm in EE 0x02-0x03 and Re- 
maining Capacity Alarm in 0x04-0x05set the alarm 
thresholds used in the SMBus command codes 0x01 and 
0x02, respectively. Remaining Time Alarm is stored in 
minutes and Remaining Capacity Alarm in mAh. 

Secondary Protection Limits for Li-Ion 

Undervoltage and overvoltage thresholds may be pro- 
grammed in the byte value FET Control EE 0x55 to set 
a secondary level of protection for Li-Ion cells. The 
bq2060 checks individual cell voltages for undervoltage 
and overvoltage conditions. The bq2060 displays the re- 
sults in the Pack Status register and controls the state 
of the FET control outputs CFC and DFC. If any cell 
voltage is less than the VUV threshold, the bq2060 sets 
the CVUV bit in Pack Status and pulls the DFC pin to a 
logic low. If any cell voltage is greater than the VOV 
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threshold, the bq2060 sets the CVOV bit in Pack Status 
and pulls the CFC pin to a logic low. 

VUV = 2048 + (FET Control AND OxfO) * 4 (20) 

VOV = 4096 + C FET Control AND OxOf) * 32 


FET Control 
flower nibble) 

VUV 

(mV) 

FET Control 
fuooer nibble) 

VOV 

(mV) 

0 

2048 

0 

4096 

1 

2112 

1 

4128 

2 

2176 

2 

4160 

3 

2240 

3 

4192 

4 

2304 

4 

4224 

5 

2368 

5 

4256 

6 

2432 

6 

4288 

7 

2496 

7 

4320 

8 

2560 

8 

4352 

9 

2624 

9 

4384 

a 

2688 

a 

4416 

b 

2752 

b 

4448 

c 

2816 

c 

4480 

d 

2880 

d 

4512 

e 

2944 

e 

4544 

f 

3008 

f , 

4576 


Battery Status and Cycle Count Initialization 

Battery Status EE OxOc-OxOd stores the default value for 
the BatteryStatusO function. It should be programmed 
to 0x0080. Cycle Count EE OxOe-OxOd stores the initial 
value for the CycleCountO function. It should be pro- 
grammed to 0x0000. 

Measurement Calibration 

ADC 

The reported voltage measurements, VoltageO and 
VCELL 1 - 4 , may be calibrated by adjusting the 16-bit fac- 
tor in EEPROM. The bq2060 uses these parameters to 
correct for variances in the ADC gain and the internal 
voltage reference. For nickel chemistries or Li-Ion with- 
out individual cell measurements, the bq2060 calibrates 
VCELL 4 with the 16-bit ADC Full Scale Voltage param- 
eter in EE 0x48-0x49. 


The nominal setting for ADC Full Scale Voltage is 
20,000 for a 16:1 divider on VCELL 4 . A two or three 
point curve fit should be used to find the optimum value 
for ADC Full Scale Voltage using the relation. 

VCELL 4 = ( 21 ) 

[ADC Reading * ADC Full Scale Voltage * 2 ] 
65535 

For Li-Ion with individual cell measurements, the 
bq2060 uses three additional factors to calibrate the 
VCELLi _4 inputs: Cell 2 Calibration Factor in EE 0x56, 
Cell 3 Calibration Factor in EE 0x57, and Cell 4 Calibra- 
tion Factor in EE 0x51. To calibrate VCELLi, the 
bq2060 uses the factor stored in ADC Full Scale Voltage 
according to the equation 


(22) 

VCELLi - tADC Reading * ADC Full Scale Voltage] 

65535 

To calibrate VCELL 2 , VCELL 3 , and VCELL 4 , the bq2060 
uses the additional factors Cell 2 Calibration Factor, Cell 
3 Calibration Factor ; and Cell 4 Calibration Factor re- 
spectively according to the equations 


(23) 


VCELL3-4 = 

ADC Reading * (ADC Full Scale Voltage + Cell 3-4 
Calibration Factor * 8) * 2/65536 

VCELL 2 = 

ADC Reading * (ADC Full Scale Voltage + Cell 2 Cali- 
bration Factor * 8) /6 5536 

ADC Reading is the converted voltage at the VCELLi _4 
inputs with a range of 0-32,767. 

The bq2060 subtracts the sense resistor voltage from 
the VCELL 4 calculation to calculate VoltageO. 
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Current 

The bq2060 scales CurrentO to mA units by the 16-bit 
value ADC Sense Resistor in EE 0x6c-0x6d. Adjusting 
ADC Sense Resistor from its nominal value provides a 
method to calibrate the current readings for variances in 
the ADC gain, internal voltage reference, and sense re- 
sistor value. An additional factor ADC Current Offset in 
EE 0x7e adjusts the current offset. ADC Current Offset 
is a signed 8-bit value that cancels offset present in the 
circuit with no current flow. ADC Current Offset is typi- 
cally set between -10 and 10. The bq2060 calculates Cur- 
rentO by 

(24) 

CurrentO = 

[(ADC Reading + ADC Current Offset )* ADC Sense Resistor ] 
16,384 


VFC 

To calibrate the coulomb counting measurement for sys- 
tem errors and sense resistor error, the value of VFC 
Sense Resistor EE 0x6e-0x6f may be adjusted. 

The bq2060 VFC circuit has the ability to introduce a 
signal opposite in sign as the inherent device and circuit 
offset to cancel this error. The offset calibration routine 
is initiated with commands to Manufacturer AccessO. 

The bq2060 calculates the offset with the calibration 
routine and stores the calibration value in VFC Offset in 
EE 0x5c-0x5d and 0x5e. 

Temperature 

With an external thermistor (INTEMP bit = 0 in Pack 
Configuration), the bq2060 uses Temperature Offset in 
EE 0x47 to calibrate the TemperatureO function for off- 
set. The required offset adjustment, TOFF, sets Temper- 
ature Offset according to the equation 

Temperature Offset = TOFF * 10 (25) 

where 

-12.8 < TOFF <12.7 

Using the internal (INTEMP bit = 1 in Pack Configura- 
tion), the bq2060 uses Temperature Offset and Internal 
Temperature Gain in EE 0x5a for offset and gain adjust- 
ment, respectively. The nominal value of Temperature 
Offset and Internal Temperature Gain is zero. 


Constants and String Data 

EEPROM Constants 

Block Length EE 0x00 and Check Byte 1 EE 0x7d must 
be programmed to 0x7f and 0xa5, respectively. 

Specification Information 

Specification Information EE 0x14-0x15 stores the de- 
fault value for the SpecificationlnfoO function. It is 
stored in EEPROM in the same format as the data re- 
turned by the SepcificationlnfoO. 

Manufacture Date 

Manufacture Date EE 0x16-0x17 stores the default 
value for the ManufactureDateO function. It is stored in 
EEPROM in the same format as the data returned by 
the ManufactureDateO. 

Serial Number 

Serial Number EE 0x18-0x19 stores the default value 
for the SerialNumberO function. It is stored in 
EEPROM in the same format as the data returned by 
the SerialNumberO. 

Manufacturer Name Data 

Manufacturer Name Length EE 0x20 stores the length 
of the desired string that is returned by the 
ManufacturerNameO function. Locations EE 0x21-0x2b 
store the characters for ManufacturerNameO in ASCII 
code. 

Device Name Data 

Device Name Length EE 0x30 stores the length of the 
desired string that is returned by the DeviceNameO 
function. Locations EE 0x31-0x37 store the characters 
for DeviceNameO in ASCII code. 

Device Chemistry Data 

Device Chemistry Length EE 0x40 stores the length of 
the desired string that is returned by the De- 
viceChemistryO function. Locations EE 0x41-0x45 store 
the characters for DeviceChemistryO in ASCII code. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc — Supply voltage 

Relative to Vss 

-0.3 

+ 6.0 

V 


VlN-All other pins 

Relative to Vss 

-0.3 

+ 6.0 

V 


Topr 

Operating tem- 
perature 

-20 

I 

+70 

°C 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics 


Symbol 

Parameter 

Conditions 

Minimum 

Typical 

Maximum 

Unit 

Vcc 

Supply voltage 


2.9 

3.1 

3.7 

V 

Icc 

Operating current 

Vout inactive 


135 

TBD 

UA 

ISLP 

Sleep current 

1.5V < Vcc < 3.7V 


5 

10 

UA 

Ilvout 

Vout leakage current 

Vout inactive 

- 0.2 


0.2 

pA 

IVOUT 

Vout source current 

Vout active, 

Vout = Vcc - 0 . 6 V 

-5.0 



mA 

Ireg 

REG output current 


1.0 



|iA 

IOLS 

Sink current: LED 1 -LED 5 , CFC, 
DFC, THON, CVON 

Vols = 0.4V 



10 

mA 

VlL 

Input voltage low DISP 


-0.3 


0.8 

V 

VlH 

Input voltage high DISP 


2.0 


Vcc + 0.3 

V 

VOL 

Output voltage low SMBC, SMBD 

Iol = 1.0mA 



0.4 

V 

VlLS 

Input voltage low SMBC, SMBD 


-0.3 


0.8 

V 

VlHS 

Input voltage high SMBC, SMBD 


1.4 


Vcc + 0.3 

V 

V S R 

Input voltage range, Vsr 2 and Vsri 

Vsr = Vsr 2 - Vsri 

-0.3 


+0.3 

V 

VsROS 

Vsr input offset 

Vsr 2 = Vsri, 
auto-correction disabled 

-500 

-50 

500 

HV 

Vai 

Input voltage range VCELLi_ 4 , VTH 


Vss - 0.3 


Vcc + 0.3 

V 

Irb 

RBI data-retention input current 

Vrbi > 3.0V, Vcc < 2 . 0 V 


10 

50 

nA 


34/38 


-*N| 



4-309 






bq2060 Preliminary 


SMBus AC Specifications (TA = TOPR, 2.9V < Vcc < 3.7V unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Min. 

t yp- 

Max. 

Unit 

Fsmb 

SMBus operating frequency 

Slave mode, SMBC 50% duty cycle 

10 


100 

kHz 

Fmas 

SMBus master clock frequency 

Master mode, no clock low slave extend 


51.2 


kHz 

Tbuf 

Bus free time between start and stop 


4.7 



M'S 

ThD:STA 

Hold time after (repeated) start 


4.0 



Ms 

TsU:STA 

Repeated start setup time 


4.7 



Ms 

TsU:STO 

Stop setup time 


4.0 



gs 

ThD:DAT 

Data hold time 

Receive mode 

0 



ns 

Transmit mode 

300 



ns 

TsU:DAT 

Data setup time 


250 



ns 

Ttimeout 

Error signal/detect 

See Note 1 

28.1 


32.8 

ms 

Tlow 

Clock low period 


4.7 



gs 

Thigh 

Clock high period 

See Note 2 

4.0 


80 

gs 

Tlowsext 

Cumulative clock low slave extend 
time 

See Note 3 



25 

ms 

TlOW:MEXT 

Cumulative clock low master extend 
time 

See Note 4 



10 

ms 


Notes: 


1. The bq2060 will time-out when any clock low exceeds Ttimeout. 

2. Thigh Max. is minimum bus idle time. SMBC = SMBD = “1” for t > 80ps will cause reset of any 
transaction involving bq2060 that is in progress. 

3. Tlowsext is the cumulative time a slave device is allowed to extend the clock cycles in one message 
from initial start to the stop. The bq2060 typically extends the clock only 20ps as a slave in the read 
byte or write byte protocol. 

4. Tlowmext is the cumulative time a master device is allowed to extend the clock cycles in one mes- 
sage from initial start to the stop. The bq2060 typically extends the clock only 20ps as a master in 
the read byte or write byte protocol. 


HDQ1 6 AC Specifications (TA = ToPR, 2.9V < Vcc < 3.7V unless otherwise noted) 


Symbol 

Parameter 

Conditions 

Min. 


Max. 

Unit 

tCYCH 

Cycle time, host to bq2060 (write) 


190 

_ 

_ 

gs 

tCYCB 

Cycle time, bq2060 to host (read) 


190 

205 

250 

gs 

tSTRH 

Start hold time, host to bq2060 (write) 


5 

- 

- 

ns 

tSTRB 

Start hold time, host to bq2060 (read) 


32 

- 

- 

gs 

tDSU 

Data setup time 


“ 

- 

50 

gs 

tDSUB 

Data setup time 



- 

50 

gs 

tDH 

Data hold time 


90 

- 

- 

gs 

tDV 

Data valid time 


_ 

- 

80 

gs 

tssu 

Stop setup time 


-■ 

- 

145 

gs 

tsSUB 

Stop setup time 


- 

- 

95 

gs 

tRSPS 

Response time, bq2060 to host 


190 

- 

- 

gs 

tB 

Break time 


190 

- 

- 

gs 

tBR 

Break recovery time 


40 

- 

- 

Ms 
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HDQ16 Break Timing 



HDQ16 Host to bq2060 


tBR 


I 


I 


TD201803.eps 


Write "I" 


Write "0" 




Rec 

Re? 


- tc 
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Ordering Information 

bq2060 

Temperature Range: 

blank = Commercial (0 to 70°C) 


— Package Option: 

SS = 28-pin SSOP 


— Device: 

bq2060 SBS vl.l-Compliant Gas Gauge IC 
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UNITRODE 


bq2092 


Gas Gauge 1C with SMBus-Like Interface 


Features 

> Provides accurate measure- 
ment of available charge in 
NiCd, NiMH, and Li-Ion re- 
chargeable batteries 

V Supports SBData charge con- 
trol commands for Li-Ion, 
NiMH, and NiCd chemistries 

> Designed for battery pack inte- 
gration 

- 120jiA typical operating 
current 

- Small size enables 
implementations in as little as 
y 4 square inch of PCB 

> Two-wire SMBus-like interface 

> Measurements compensated for 
current and temperature 

> Programmable self-discharge 
and charge compensation 

>- 16-pin narrow SOIC 


General Description 

The bq2092 Gas Gauge IC With 
SMBus-Like Interface is intended 
for battery-pack or in-system instal- 
lation to maintain an accurate 
record of available battery charge. 
The bq2092 directly supports capac- 
ity monitoring for NiCd, NiMH, and 
Li-Ion battery chemistries. 

The bq2092 uses the SMBus proto- 
col that supports many of the Smart 
Battery Data (SBData) commands. 
The bq2092 also supports SBData 
charge control. Battery state-of- 
charge, capacity remaining, remain- 
ing time and chemistry are available 
over the serial link. Battery-charge 
state can be directly indicated using 
a four-segment LED display to 
graphically depict battery full-to- 
empty in 25% increments. 


The bq2092 estimates battery self- 
discharge based on an internal 
timer and temperature sensor and 
user-programmable rate informa- 
tion stored in external EEPROM. 
The bq2092 also automatically 
recalibrates or “learns” battery 
capacity in the full course of a 
discharge cycle from full to empty. 

The bq2092 may operate directly 
from three nickel chemistry cells. 
With the REF output and an exter- 
nal transistor, a simple, inexpensive 
regulator can be built to provide Vcc 
for other battery cell configurations. 

An external EEPROM is used to 
program initial values into the 
bq2092 and is necessary for proper 
operation. 


Pin Connections 


Pin Names 




""<C7 


Vcc \Z 

1 

16 

m VOUT 

SCL [2 

2 

15 

2 ] REF 

SDA IZ 

3 

14 

2} see 

SEd □ 

4 

13 

2 } SCD 

SEG 2 [I 

5 

12 

2 \ NC 

seg 3 E 

6 

11 

2 } SB 

SEG4Q 

7 

10 

I] DISP 

Vss [I 

8 

9 

2 ] SR 

16-Pin Narrow SOIC 



PN209101.eps 


Vcc 

SCL 

SDA 

SEGi 

SEG 2 

SEG 3 

seg 4 

Vss 


3.0-5.5V 

Serial memory 
clock 

Serial memory 
data 

LED segment 1 
LED segment 2 
LED segment 3 
LED segment 4 
System ground 
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SR 

Sense resistor input 

DISP 

Display control input 

SB 

Battery sense input 

SCD 

Serial communication 
data input/output 

see 

Serial communication 
clock 

REF 

Voltage reference 
output 

VoUT 

EEPROM supply 
output 


6/99 C 
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Pin Descriptions 

Vcc Supply voltage input 

SCL Serial memory clock 

This output is used to clock the data 
transfer between the bq2092 and the ex- 
ternal nonvolatile configuration memory. 

SDA Serial memory data and address 

This bi-directional pin is used to trans- 
fer address and data to and from the 
bq2092 and the external configuration 
memory. 

SEGi- LED display segment outputs 

SEG 4 

Each output may activate an external LED 
to sink the current sourced from Vcc* 

Vss Ground 

SR Sense resistor input 

The voltage drop (Vsr) across pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the sense re- 
sistor and the negative terminal of the 
battery. Vsr < Vss indicates discharge, and 
Vsr > Vss indicates charge. The effective 
voltage drop, Vsro, as seen by the bq2092 
is Vsr + Vos (see Table 3). 


SB Secondary battery input 

This input monitors the cell pack voltage as 
a single-cell potential through a high- 
impedance resistor divider network. The 
cell pack voltage is reported in the SBD 
register function Voltage (0x09) and is com- 
pared to end-of-discharge voltage and 
charging voltage parameters. 

NC No connect 

SCD Serial communication data 

This open-drain bidirectional pin is used to 
transfer address and data to and from the 
bq2092. 

SCC Serial communication clock 

This open-drain bidirectional pin is used to 
clock the data transfer to and from the 
bq2092. 

REF Reference output for regulator 

REF provides a reference output for an op- 
tional micro-regulator. 

Vout Supply output 

This output supplies power to the exter- 
nal EEPROM configuration memory. 


DISP Display control input 

DISP high disables the LED display. DISP 
floating allows the LED display to be active 
during charg e if the rate is greater than 
100mA. DISP low activates the display for 4 
seconds. 
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Functional Description 

General Operation 

The bq2092 determines battery capacity by monitoring 
the amount of charge input to or removed from a 
rechargeable battery. The bq2092 measures discharge 
and charge currents, estimates self-discharge, and 
monitors the battery for low-battery voltage thresh- 
olds. The charge measurement is made by monitoring 
the voltage across a small-value series sense resistor 
between the battery's negative terminal and ground. 
The available battery charge is determined by moni- 
toring this voltage over time and correcting the meas- 
urement for the environmental and operating condi- 
tions. 


Figure 1 shows a typical battery pack application of the 
bq2092 using the LED capacity display, the serial port, 
and an external EEPROM for battery pack program- 
ming information. The bq2092 must be configured and 
calibrated for the battery-specific information to ensure 
proper operation. Table 1 outlines the externally 
programmable functions available in the bq2092. Refer 
to the Programming the bq2092 section for further 
details. 

An internal temperature sensor eliminates the need 
for an external thermistor — reducing cost and compo- 
nents. An internal, temperature-compensated time- 
base eliminates the need for an external resonator, 
further reducing cost and components. The entire 
circuit in Figure 1 can occupy less than % square inch 
of board space. 



Figure 1. Battery Pack Application Diagram — LED Display 
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Table 1 . Configuration Memory Programming Values 


Parameter Name 

Address 

Length 

Units 

Design capacity 

0x00/0x01 

16 bits: low byte, high byte 

mAh 

Initial battery voltage 

0x02/0x03 

16 bits: low byte, high byte 

mV 

Fast charging current 

0x04/0x05 

16 bits: low byte, high byte 

mA 

Charging voltage 

0x06/0x07 

16 bit: low byte, high byte 

mV 

Remaining capacity alarm 

0x08/0x09 

16 bits: low byte, high byte 

mAh 

FLAGS 1 

0x0a 

8 bits 

N/A 

FLAGS2 

0x0b 

8 bits 

N/A 

Current measurement gain 

OxOc/OxOd 

16 bits: low byte, high byte 

N/A 

EDVi 

OxOe/OxOf 

16 bits: low byte, high byte 

mV 

EDVf 

0x10/0x11 

16 bits: low byte, high byte 

mV 

Temperature offset 

0x12 

8 bits 

0.1°K 

Maximum charge temperature/AT/At 

0x13 

8 bits 

N/A 

Self-discharge rate 

0x14 

8 bits 

N/A 

Digital filter 

0x15 

8 bits 

N/A 

Current integration gain 

0x16/0x17 

16 bits: low byte, high byte 

N/A 

Full charge percentage 

0x18 

8 bits 

N/A 

Charge compensation 

0x19 

8 bits 

N/A 

Battery voltage offset 

Oxla 

8 bits 

mV 

Battery voltage gain 

Oxlb/Oxlc 

16 bits: high byte, low byte 

N/A 

Serial number 

Oxld/Oxle 

16 bits: low byte, high byte 

N/A 

Hold-off timer 

Ox If 

8 bits 

N/A 

Cycle count 

0x20/0x21 

16 bits: low byte, high byte 

N/A 

Maintenance charge current 

0x22/0x23 

16 bits: low byte, high byte 

mA 

Reserved 

0x24/0x31 

- 

- 

Design voltage 

0x32/0x33 

16 bits: low byte, high byte 

mV 

Specification information 

0x34/0x35 

16 bits: low byte, high byte 

N/A 

Manufacturer date 

0x36/0x37 

16 bits: low byte, high byte 

N/A 

Reserved 

0x38/0x3f 

- 

- 

Manufacturer name 

0x40/0x4f 

8 + 120 bits 

N/A 

Device name 

0x50/0x5f 

8 + 120 bits 

N/A 

Chemistry 

0x60/0x6f 

8 + 120 bits 

N/A 

Manufacturer data 

0x70/0x7f 

8 +120 bits 

N/A 


Note: 


N/A = Not applicable; data packed or coded. See “Programming the bq2092” for details. 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2092 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor-divider network per the 
following equation: 

R 5 = MBV _ 

R 4 2.25 

where MBV is the maximum battery voltage, R 5 is 
connected to the positive battery terminal, and R 4 is 
connected to the negative battery terminal. R 5 /R 4 should 
be rounded to the next highest integer. The voltage at 
the SB pin (Vsb) should never exceed 2.4V. 

The battery voltage is monitored for the end-of- 
discharge voltage (EDV), for maximum pack voltage and 
for alarm warning conditions. EDV threshold levels are 
used to determine when the battery has reached an 
“empty” state, and the charging voltage plus 5% thresh- 
old is used for fault detection during charging. The 
battery voltage gain, two EDV thresholds, and charge 
voltage limit are programmed via EEPROM. See the 
Programming the bq2092 section for further details. 

If Vsb is below either of the two EDV thresholds, the associ- 
ated flag is latched and remains latched, independent of 
Vsb, until the next valid charge. 

EDV monitoring may be disabled under certain condi- 
tions. If the discharge current is greater than approxi- 
mately 6A, EDV monitoring is disabled and resumes 
after the current falls below 6A. 

Reset 

The bq2092 is reset when first connected to the battery 
pack. The bq2092 can also be reset with a command 
over the serial port, as described in the Software Reset 
section. 

Temperature 

The bq2092 monitors temperature using an internal 
sensor. The temperature is used to adapt charge/dis- 
charge and self-discharge compensations as well as 
maximum temperature and AT/At during bq2092 con- 
trolled charge. Temperature may also be accessed over 
the serial port. See the Programming the bq2092 section 
for further details. 

Layout Considerations 

The bq2092 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
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of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally, in refer- 
ence to Figure 1: 

■ The capacitors (Cl, C2, and C4) should be placed as 
close as possible to the SB and Vcc pins, and their paths 
to Vss should be as short as possible. A high-quality 
ceramic capacitor of O.lgf is recommended for Vcc. 

■ The sense resistor capacitor (C3) should be placed as 
close as possible to the SR pin. 

■ The sense resistor (Rl) should be as close as possible 
to the bq2092. 

■ The IC should be close to the cells for the best 
temperature measurement. 

■ An optional zener may be necessary to ensure Vcc is 
not above the maximum rating during operation. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2092. The bq2092 accumu- 
lates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. Charge currents 
are compensated for temperature and state-of-charge. 
Self-discharge is only temperature-compensated. 

The main counter, RemainingCapacity (RM), represents 
the available battery capacity at any given time. Battery 
charging increments the RM register, whereas battery 
discharging and self-discharge decrement the RM register 
and increment the Discharge Count Register (DCR). 

The Discharge Count Register (DCR) is used to update 
the FullChargeCapacity (FCC) register only if a 
complete battery discharge from full to empty occurs 
without any partial battery charges. Therefore, the 
bq2092 adapts its capacity determination based on the 
actual conditions of discharge. 

The battery's initial capacity is equal to the DesignCapacity 
(DC). Until FCC is updated, RM counts up to, but not 
beyond, this threshold during subsequent charges. 

1. FullChargeCapacity or learned-battery 
capacity: 

FCC is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or reset), 
FCC = DC. During subsequent discharges, the FCC 
is updated with the latest measured capacity in the 
Discharge Count Register, representing a discharge 
from full to below EDV1. A qualified discharge is 
necessary for a capacity transfer from the DCR to the 
FCC register. The FCC also serves as the 100% ref- 
erence threshold used by the relative state-of-charge 
calculation and display. 
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Charge 

Current 


Discharge 

Current 


Self-Discharge 

Timer 


Main Counters 
and Capacity 
Reference (FCC) 



Chip-Controlled Two-Wire 
Available Charge Serial Interface 
LED Display 


Figure 2. Operational Overview 


2. DesignCapacity (DC): 

The DC is the user-specified battery capacity and is 
programmed by using an external EEPROM. The 
DC also provides the 100% reference for the abso- 
lute display mode. 

3. Remaining Capacity (RM): 

RM counts up during charge to a maximum value of 
FCC and down during discharge and self-discharge to 
0. RM is reset to OOOOAh when EDV1 = 1 and a valid 
charge is detected. To prevent overstatement of 
charge during periods of overcharge, RM stops in- 
crementing when RM = FCC. RM may optionally 
be written to a user-defined value when fully 
charged when the battery pack is under bq2092 
charge control. See the Charge Control section for 
further details. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Before RM = 0 (empty battery), 
both discharge and self-discharge increment the 
DCR. After RM = 0, only discharge increments 
the DCR. The DCR resets to 0 when RM = FCC. 
The DCR does not roll over but stops counting 
when it reaches FFFFh. 

The DCR value becomes the new FCC value on the 
first charge after a valid discharge to Vedvi if: 

■ No valid charge initiations (charges greater than 
lOmAh, where Vsro > |Vsrd|) occurred during 
the period between RM = FCC and EDV1 de- 
tected. 

■ The self-discharge count is not more than 
256mAh. 


■ The temperature is > 273°K (0°C) when the 
EDV 1 level is reached during discharge. 

The valid discharge flag (VDQ) indicates whether 
the present discharge is valid for FCC update. FCC 
cannot be reduced by more than 256mAh during 
any single cycle. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the Vsr input. If charge activity is detected, the 
bq2092 increments RM at a rate proportional to Vsro 
and, if enabled, activates an LED display. Charge 
actions increment the RM after compensation for charge 
rate and temperature. 

The bq2092 determines charge activity sustained at a 
continuous rate equivalent to Vsro > | Vsrd | . A valid 
charge equates to sustained charge activity 
greater than 10 mAh. Once a valid charge is detected, 
charge counting continues until Vsro falls below 
| Vsrd | . Vsrd is a programmable threshold as 
described in the Digital Magnitude Filter section. 

Discharge Counting 

All discharge counts where Vsro < | Vsrd | cause the 
RM register to decrement and the DCR to increment. 
Vsrd is a programmable threshold as described in the 
Digital Magnitude Filter section. 

Self-Discharge Estimation 

The bq2092 continuously decrements RM and incre- 
ments DCR for self-discharge based on time and 
temperature. The self-discharge rate is dependent on 
the battery chemistry. The bq2092 self-discharge esti- 
mation rate is externally programmed in EEPROM 
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and can be programmed from 0 to 25% per day at 
20-30°C. This rate doubles every 10°C increase until T 
> 70°C or is halved every 10° decrease until T < 10°C. 

The self-discharge estimate reduces RM by 0.39% of its 
current value at time intervals spaced so that the aver- 
age reduction equals the programmed value adjusted for 
temperature. The EEPROM program constant is the 2’s 
complement of 52.73/X , where X = %/ day self-discharge 
rate desired at25°C. 

Charge Control 

The bq2092 supports SBD charge control by broadcast- 
ing ChargingCurrentO and ChargingVoltageO to the 
Smart Charger address. Smart Charger broadcasts can 
be disabled by writing bit 14 of Battery Mode() to 1. The 
bq2092-based charge control can be enabled by setting 
bit 4 in FLAGS2 (MSB of 0x2f) to 1. See Programming 
the bq2092 for further details. If the Fully_Charged bit 
is not set in BatteryStatus, the bq2092 broadcasts the 
fast charge current and voltage to the Smart Charger. 
The bq2092 broadcasts the maintenance current values 
(trickle rate) if the Fully_Charged bit is set or Voltage is 
below EDVF. 

The bq2092 internal charge control is compatible with 
nickel-based and Li-Ion chemistries. 

For Li-Ion, the bq2092 broadcasts the required Charg- 
ingCurrent and ChargingVoltage according to the values 
programmed in the external EEPROM. During a valid 
charge (VQ = 1), the bq2092 signals a valid charge 
termination when the Terminate_Charge_Alarm and 
Fully_Charged bits are set in BatteryStatus. These bits 
are set when the battery is charged more than 2 56m Ah 
above FCC. 

For nickel-based chemistries, the bq2092 broadcasts the 
required charge current and voltage according to the 
programmed values in the external EEPROM. Maxi- 
mum temperature and AT/At are used as valid charge 
termination methods. Note: Nickel-based chemistries 
require a charge voltage higher than the maximum cell 
voltage during charge to ensure constant-current charg- 
ing. During a valid charge (VQ = 1), if the bq2092 deter- 
mines a maximum temperature condition, a AT/At rate 
greater than the programmed value, or a charge state 
greater than 256mAh above FCC, then the Termi- 
nate_Charge_Alarm, Over_Charge_Alarm, and 
Fully_Charged bits are set in BatteryStatus. 

Once the bq2092 detects a valid charge termination, the 
Fully_Charged bit, Terminate_Charge_Alarm, and 
Over_Charge_Alarm bits are set and the ChargingCurrent 
is set to zero. Once the terminating condition ceases, the 
Terminate_Charge_Alarm and Overcharge Alarm bits are 
cleared and the ChargingCurrent is set to the maintenance 
rate. The bq2092 requests the maintenance current and 
charging voltage until RM falls below the full charge 
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percentage. Once this occurs, the Fully_Charged bit is 
cleared, and the bq2092 requests the fast charging current 
and charging voltage. 

During fast charge, the bq2092 suspends charge by 
requesting zero current and setting the Termi- 
nate_Charge_Alarm bit in BatteryStatus. Charge is 
suspended if the actual charge current is 25% greater 
than the programmed charged current. If the 
programmed charge current is less than 1024mA, over- 
current suspend occurs if the actual charge current is 
256mA greater than the programmed value. Charge is 
also suspended if the actual battery voltage is 5% 
greater than the programmed charge voltage. If the 
battery temperature is greater than the programmed 
maximum temperature before charge, then the bq2092 
suspends charge requests until the temperature falls 
below 50°C. 

If the battery temperature is less than 0°C, the charging 
current sets to maintenance (trickle) charge current. 
The fast charging current is requested when the 
temperature is above 5°C. 

AT/At 

The AT/At used by the bq2092 is programmable in both 
the temperature step (1.6°C--4.6 0 C) and time step (20 
seconds-320seconds). Typical settings for l°C/min 
include 2°C over 120 seconds and 3°C over 180 seconds. 
Longer times are required for increased slope resolution. 

AT AT 

— is set by the formula: — = 

At At 

[(lower nibble of 0*13 in E 2 PROM)*2+ 16] r o C - 
[2' s( lower nibble of 0*lf in E 2 PROM)*3.33] |_ minute. 

In addition to the AT/At timer, there is a hold-off timer, 
which starts when the battery is being charged at more 
than 256mA and the temperature is above 25°C. (This is 
valid only for NiMH chemistry, bit 5 in FLAGS2 set to 
0.) Until this timer expires, AT/At is suspended. If the 
temperature falls below 25°C, or if charging current 
fallls below 255mA, the timer is reset and restarts only 
if the above conditions are once again met. 

Safety Termination 

If charging continues for more than 256mAh beyond 
RM = FCC, the Terminate_Charge_Alarm and 
Fully_Charged bits are set, and the charging current is 
modified to request maintenance current. If the battery 
is discharged from full by less than 256mAh, then the 
safety overcharge termination, for NiMH only, is allowed 
to extend to 512 mAh. 

Updating RM after a valid charge termination, RM may 
optionally be set to a value from 0 to 100% of the Full- 
ChargeCapacity. If RM is below the value programmed 
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in full charge percentage, RM is set to full charge 
percentage of FCC on valid charge termination. If RM is 
above the full charge percentage, RM is not modified. 

Count Compensations 

Charge activity is compensated for temperature and 
state-of-charge before updating the RM and/or DCR. RM 
is compensated for temperature before updating the RM 
register. Self-discharge estimation is compensated for 
temperature before updating RM or DCR. 

Charge Compensation 

Charge efficiency is compensated for state-of-charge, 
temperature, and battery chemistry. For Li-Ion chemis- 
try cells, the charge efficiency is unity for all cases. The 
charge efficiency for nickel chemistry cells, however, is 
adjusted using the following equation: 

RM = RM * (Q efc - Q et ) 

where RelativeStateofCharge < FullChargePercentage 

and Q EFC is the programmed fast charge efficiency vary- 
ing from .75 to .99. 

RM = RM * (Q etc - Q et ) 

where RelativeStateofCharge > FullChargePercentage 

and Q exc is the programmed maintenance (trickle) 
charge efficiency varying from 0.50 to 0.97. 

Q et is used to adjust the charge efficiency as the battery 
temperature increases according to the following: 

Q ET = 0 if T < 30°C 

Q et = 0.02 if 30°C < T < 40°C 

Q et = 0.05 if T > 40°C 

Remaining Capacity Compensation 

The bq2092 adjusts the RM as a function of tempera- 
ture. This adjustment accounts for the reduced capacity 
of the battery at colder temperatures. The following 
equation is used to adjust RM: 

If T > 5°C 

RemainingCapacity = 

Nominal Available Capacity (NAC) 

IfT< 5°C 

RM() = NAC0 (1 + TCC * (T - 5°Q) 

Where T = temperature °C 
TCC = 0.004 


Table 2. Typical Digital Filter Settings 


DMF 

DMF 

Hex. 

IV S rd (mV)l 

75 

4B 

±0.60 

100 

64 

±0.45 

150 (default) 

96 

±0.30 

175 

AF 

±0.26 

200 

O 

00 

±0.23 


RM adjusts upward to Nominal Available Capacity as 
the temperature increases. 

Digital Magnitude Filter 

The bq2092 has a programmable digital filter to elimi- 
nate charge and discharge counting below a set 
threshold. Table 2 shows typical digital filter settings. 
The proper digital filter setting can be calculated 
using the following equation. 

| Vsrd (mV) | = 45 / DMF 

Error Summary 

Capacity Inaccurate 

The FCC is susceptible to error on initialization or if no 
updates occur. On initialization, the FCC value includes 
the error between the design capacity and the actual 
capacity. This error is present until a valid discharge 
occurs and FCC is updated (see the DCR description on 
page 6). The other cause of FCC error is battery wear- 
out. As the battery ages, the measured capacity must be 
adjusted to account for changes in actual battery capac- 
ity. Periodic discharges from full to empty will mini- 
mize errors in FCC. 

Current-Sensing Error 

Table 3 illustrates the current-sensing error as a func- 
tion of Vsr. A digital filter eliminates charge and 
discharge counts to the RM register when Vsro is 
between Vsrq and Vsrd. 

Display 

The bq2092 can directly display capacity information 
using low-power LEDs. The bq2092 displays the battery 
charge state in either absolute or relative mode. In rela- 
tive mode, the battery charge is represented as a 
percentage of the FCC. Each LED segment represents 
25% of the FCC. 
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Table 3. bq2092 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

Vos 

Offset referred to Vsr 

± 50 

± 150 

nV 

DISP = Vcc. 

INL 

Integrated non-linearity 
error 

± 2 

± 4 

% 

Add 0 . 1 % per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 1 

± 2 

% 

Measurement repeatability given 
similar operating conditions. 


In absolute mode, each segment represents a fixed 
amount of charge, 25% of the design capacity. As the 
battery wears out over time, it is possible for the FCC to 
be below the design capacity. In this case, all of the 
LEDs may not turn on in absolute mode, representing 
the reduction in the actual battery capacity. 

The displayed capacity is compensated for the present 
battery temperature. The displayed capacity varies as 
temperature varies, indicating the available charge at 
the present conditions. 

When DISP is tied to Vcc, the SEG 1-4 outputs are inac- 
tive. When DISP is left floating, the display becomes 
active whenever the bq2092 detects a charge rate of 
100mA or more. When pulled low, the segment outputs 
become active i mmedi ately for a period of approximately 
4 seconds. The DISP pin must be returned to float or 
Vcc to reactivate the display. 

The segment outputs are modulated as two banks of two, 
with segments 1 and 3 alternating with segments 2 and 4. 
The segment outputs are modulated at approximately 
100Hz with each segment bank active for 30% of the period. 

SEGi blinks at a 4Hz rate whenever Vsb has been 
detected to be below Vedvi (EDVi = 1), indicating a low- 
battery condition. Vsb below Vedvf (EDVf = 1) disables 
the display output. 

Microregulator 

The bq2092 can operate directly from three nickel chem- 
istry cells. To facilitate the power supply requirements 
of the bq2092, an REF output is provided to regulate an 
external low-threshold n-FET. A micropower source for 
the bq2092 can be inexpensively built using the FET 
and an external resistor; see Figure 1. Note that an 
optional zener diode may be necessary to limit Vcc 
during charge. 

Communicating With the bq2092 

The bq2092 includes a simple two-pin (SCC and SCD) 
bidirectional serial data interface. A host processor uses 
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the interface to access various bq2092 registers; see 
Table 4. This allows battery characteristics to be easily 
monitored. The open-drain SCD and SCC pins on the 
bq2092 are pulled up by the host system, or may be 
connected to Vss, if the serial interface is not used. 

The interface uses a command-based protocol, where the 
host processor sends the battery address and an eight- 
bit command byte to the bq2092. The command directs 
the bq2092 to either store the next data received to a 
register specified by the command byte or output the 
data specified by the command byte. 

bq2092 Data Protocols 

The host system, acting in the role of a Bus master, uses 
the read word and write word protocols to communicate 
integer data with the bq2092. (See Figure 3.) 

Host-to-bq2092 Message Protocol 

The Bus Host communicates with the bq2092 using one 
of three protocols: 

■ Read word 

■ Write word 

■ Read block 

The particular protocol used is a function of the 
command. The protocols used are shown in Figure 3. 

Host-to-bq2092 Messages (see Table 4) 

ManufacturerAccess() (0x00) 

This optional function is not operational for the bq2092. 

RemainingCapacityAlarm() (0x01) 

This function sets or returns the low-capacity alarm 
value. When RM falls below the RemainingCapac- 
ity Alarm value, the Remaining_Capacity_Alarm bit 
is set in BatteryStatus (0x16). The system may alter 
this alarm value during operation. 
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Table 4. bq2092 Register Functions 


Function 

Code 

Access 

Units 

Defaults 1 

ManufacturerAccess 

0x00 

read/write 

- 

- 

RemaningCapacityAlarm 

0x01 

read/write 

unsigned int. 

E 2 

RemainingTimeAlarm 

0x02 

readAvrite 

unsigned int. 

10 

BatteryMode 

0x03 

read/write 

bit flag 

- 

Temperature 

0x08 

read 

0.1°K 

- 

Voltage 

0x09 

read 

mV 

- 

Current 

0x0a 

read 

mA 

0000h 

AverageCurrent 

0x0b 

read 

mA 

0000h 

MaxError 

0x0c 

read 

percent 

100 

RelativeStateOfCharge 

0x0d 

read 

percent 

OOOOh 

AbsoluteStateOfCharge 

0x0e 

read 

percent 

OOOOh 

RemainingC apacity 

OxOf 

read 

mAh 

OOOOh 

FullChargeC apacity 

0x10 

read 

mAh 

E 2 

RunTimeToEmpty 

0x11 

read 

minutes 

- 

AverageTimeToEmpty 

0x12 

read 

minutes 

- 

Reserved 

0x13 

- 

- 

- 

ChargingCurrent 

0x14 

read 

mA 

E 2 

ChargingVoltage 

0x15 

read 

mV 

E 2 

BatteryStatus 

0x16 

read 

number 

OOOOh 

CycleCount 

0x17 

read 

count 

E 2 

DesignCapacity 

0x18 

read 

mAh 

E 2 

Design Voltage 

0x19 

read 

mV 

E 2 

Specificationlnfo 

Oxla 

read 

number 

E 2 

ManufactureDate 

Oxlb 

read 

unsigned int 

E 2 

SerialNumber 

Oxlc 

read 

number 

E 2 

Reserved 

Oxld - Oxlf 

- 

- 

- 

ManufacturerN ame 

0x20 

read 

string 

E 2 

DeviceName 

0x21 

read 

string 

E 2 

DeviceChemistry 

0x22 

read 

string 

E 2 

ManufacturerData 

0x23 

read 

string 

E 2 

FLAGS 1 and FLAGS2 

0x2f 

read 

bit flag 

E 2 

Endof Discharge Voltage 1 

0x3e 

read 

mV 

E 2 

EndofDischargeVoltageFinal 

0x3f 

read 

mV 

E 2 


Note: 1. Defaults after reset or power-up. 
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Input/Output: unsigned integer. This sets/re- 
turns the value where the Remaining Ca- 
pacity Alarm bit is set in Battery Status. 

RemainingTimeAlarm() (0x02) 

This function sets or returns the low remaining time 
alarm value. When the AverageTimeToEmpty (0x12) 
falls below this value, the Remaining_Time_Alarm bit in 
BatteryStatus is set. The default value for this register 
is set in EEPROM. The system may alter this alarm 
value during operation. 

Input/Output: unsigned integer. This sets/returns 
the value where the Remaining__Time_Alarm bit is 
set in BatteryStatus. 

BatteryMode() (0x03) 

This read/write word selects the various battery opera- 
tional modes. The bq2092 supports the battery capacity 
information specified in mAh. This function also deter- 
mines whether the bq2092 charging values are broad- 
casted to the Smart Battery Charger address. 

Writing bit 14 to 1 disables voltage and current Smart 
Battery Charger messages. Bit 14 is reset to 0 once the 
pack is removed from the system (SCC and SCD = 0 for 
greater than 2 seconds.) 

Writing bit 13 to 1 disables all Smart Battery Charger 
messages including alarm messages. This bit remains set 
until overwritten. Programming bit 3 of FLAGS2 in 
EEPROM (EE 0x0b) initializes bit 13 of BatteryMode to 1. 

TemperatureQ (0x08) 

This read-only word returns the cell-pack's internal 
temperature (0.1°K). 

Output: unsigned integer. Returns cell tempera- 
ture in tenths of degrees Kelvin increments 

Units: 0.1°K 

Range: 0 to +500. 0°K 

Granularity: 0.5°K or better 

Accuracy: ±3°K after calibration 

Voltage() (0x09) 

This read-only word returns the cell-pack voltage (mV). 

Output: unsigned integer. Returns battery terminal 
voltage in mV 

Units: mV 

Range: 0 to 65,535 mV 
Granularity: 0.2% of DesignVoltage 


Accuracy: ±1% of DesignVoltage after calibration 

Current() (0x0a) 

This read-only word returns the current through the 
battery’s terminals (mA). 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767 mA for charge or 0 to 
-32,768 mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 

Accuracy: ± 1% of the DesignCapacity after calibration 

AverageCurrent() (0x0b) 

This read-only word returns a rolling average of the 
current through the battery's terminals. For the bq2092 
Current = AverageCurrent. The AverageCurrent func- 
tion returns meaningful values after the battery's first 
minute of operation. 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767 mA for charge or 0 to 
-32,768 mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 

Accuracy: ±1% of the DesignCapacity after cali- 
bration 

MaxError() (0x0c) 

This read-only word returns the expected margin of 
error (%). 

Output: unsigned integer. Returns percent uncer- 
tainty 

Units: % 

Range: 0 to 100% 

RelativeStateOfCharge() (OxOd) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of FullChar- 
geCapacity (%). RelativeStateOfCharge is only 
valid for battery capacities less than 10,400mAh. 

Output: unsigned integer. Returns the percent of re- 
maining capacity 
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Units: % 

Range: 0 to 100% 

Granularity: 1% 

AbsoluteStateOfCharge() (OxOe) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of DesignCa- 
pacity (%). Note that AbsoluteStateOfCharge can return 
values greater than 100%. Absolute StateOfCharge 
is only valid for battery capacities less than 
10,400mAh. 

Output: unsigned integer. Returns the percent of 
remaining capacity. 

Units: % 

Range: 0 to 65,535 % 

Granularity: 1% or better 
Accuracy: ±MaxError 

RemainingCapacity() (OxOf) 

This read-only word returns the predicted remaining 
battery capacity. The RemainingCapacity value is 
expressed in mAh. 

Output: unsigned integer. Returns the estimated re- 
maining capacity in mAh. 

Units: mAh 

Range: 0 to 65,535 mAh 

Granularity: 0.2% of DesignCapacity or better 

FullChargeCapacityO (0x10) 

This read-only word returns the predicted pack capacity 
when it is fully charged. FullChargeCapacity defaults to 
the value programmed in the external EEPROM until a 
new pack capacity is learned. 

Output: unsigned integer. Returns the estimated full 
charge capacity in mAh. 

Units: mAh 

Range: 0 to 65,535 mAh 

Granularity: 0.2% of DesignCapacity or better 

RunTimeToEmptyO (0x11) 

This read-only word returns the predicted remaining 
battery life at the present rate of discharge (minutes). 
The RunTimeToEmptyO value is calculated based on 
CurrentO. 
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Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534 minutes 

Granularity: 2 minutes or better 

Invalid data indication: 65,535 indicates battery is 
not being discharged 

AverageTimeToEmptyO (0x12) 

This read-only word returns the predicted remaining 
battery life at the present average discharge rate 
(minutes). The AverageTimeToEmpty is calculated 
based on AverageCurrent. 

Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534 minutes 

Granularity: 2 minutes or better 

Invalid data indication: 65,535 indicates battery 
is not being charged 

ChargingCurrent() (0x14) 

If enabled, the bq2092 sends the desired charging rate 
in mA to the Smart Battery Charger. 

Output: unsigned integer. Transmits/returns the 
maximum charger output current in mA. 

Units: mA 

Range: 0 to 65,534 mA 

Granularity: 0.2% of the design capacity or better 

Invalid data indication: 65,535 indicates that the 
Smart Charger should operate as a voltage source 
outside its maximum regulated current range. 

ChargingVoltage() (0x15) 

If enabled, the bq2092 sends the desired voltage in mV 
to the Smart Battery Charger. 

Output: unsigned integer. Transmits/returns the 
charger voltage output in mV. 

Units: mV 

Range: 0 to 65,534mV 

Granularity: 0.2% of the DesignVoltage or better 

Invalid data indication: 65,535 indicates that the 
Smart Battery Charger should operate as a cur- 
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rent source outside its maximum regulated voltage 
range. 

BatteryStatus() (0x16) 

This read-only word returns the BatteryStatus word. 

Output: unsigned integer. Returns the status reg- 
ister with alarm conditions bitmapped as shown in 
Table 5. 

Some of the BatteryStatus flags (Remaining_Capac- 
ity_Alarm and Remaining_Time_Alarm) are calculated 
based on current. See Table 8 for definitions. 

CycleCount() (0x17) 

This read-only word returns the number of 
charge/discharge cycles the battery has experienced. A 
charge/discharge cycle starts from a base value equivalent 
to the battery's state-of-charge, on completion of a charge 
cycle. The bq2092 increments the cycle counter during the 
current charge cycle, if the battery has been discharged 
15% below the state-of-charge at the end of the last charge 
cycle. This prevents false reporting of small 
charge/discharge cycles. 

Output: unsigned integer. Returns the count of 
charge/discharge cycles the battery has 
experienced. 

Units: cycles 

Range: 0 to 65,535 cycles; 65,535 indicates battery 
has experienced 65,535 or more cycles 

Granularity: 1 cycle 

DesignCapacityO (0x18) 

This read-only word returns the theoretical capacity of a 
new pack. The DesignCapacityO value is expressed in 
mAh at the nominal discharge rate. 

Output: unsigned integer. Returns the battery ca- 
pacity in mAh. 

Units: mAh 

Range: 0 to 65,535 mAh 

Design Voltage() (0x19) 

This read-only word returns the theoretical voltage of 
a new pack in mV. 

Output: unsigned integer. Returns the battery's 
normal terminal voltage in mV. 

Units: mV 

Range: 0 to 65,535 mV 


Specificationlnfo() (0x1 a) 

This read-only word returns the specification revision 
the bq2092 supports. It is typically set to all zeros to 
represent non-Rev 1.0 compliance to the SMBus speci- 
fication output: unsigned integer. 

ManufactureDate() (0x1 b) 

This read-only word returns the date the cell was manu- 
factured in a packed integer word. The date is packed 
as follows: (year - 1980) * 512 + month * 32 + day. 


Field 

Bits 

Used 

Format 

Allowable Value 

Day 

0-4 

5-bit binary 
value 

1-31 (corresponds to 
date) 

Month 

5-8 

4-bit binary 
value 

1-12 (corresponds to 
month number) 

Year 

9-15 

7-bit binary 
value 

0-127 (corresponds 
to year biased by 

1980) 


Table 5. Status Register 


Alarm Bits 

0x8000 

Overcharge_Alarm 

0x4000 

Terminate_Charge_Alarm 

0x2000 

Reserved 

0x1000 

Over_Temp_Alarm 

0x0800 

Terminate_Discharge_Alarm 

0x0400 

Reserved 

0x0200 

Remaining_C apacity_Alarm 

0x0100 

Remaining_Time_Alarm 

Status Bits 

0x0080 

Initialized 

0x0040 

Discharging 

0x0020 

Fully_Charged 

0x0010 

Fully_Discharged 

Error Code 

0x0000- 

OxOOOf 

Reserved for error codes 


SerialNumber() (0x1 c) 

This read-only word returns a serial number. This 
number, when combined with the ManufacturerName, 
the DeviceName, and the ManufactureDate, uniquely 
identifies the battery. 

Output: unsigned integer 

14/26 


mm 



4-327 





bq2092 


ManufacturerName() (0x20) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 15. The character string 
contains the battery manufacturer's name. For example, 
“Unitrode” identifies the battery pack manufacturer as 
Unitrode. 


EndofDischargeVoltageF() (0x3f) 

This read-only word returns the final end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. 
Returns battery final end-of-discharge voltage pro- 
grammed in EEPROM in mV. 


Output: string or ASCII character string 

DeviceName() (0x21 ) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 15. The 15-byte character 
string contains the battery's name. For example, a 
DeviceName of “bq2092” indicates that the battery is a 
model bq2092. 

Output: string or ASCII character string 

DeviceChemistryO (0x22) 

This read-only string returns a character string where 
the first byte is the number of characters available. The 
maximum number of characters is 15. The 15-byte char- 
acter string contains the battery's chemistry. For exam- 
ple, if the DeviceChemistry function returns “NiMH,” 
the battery pack contains nickel-metal hydride cells. 

Output: string or ASCII character string 

ManufacturerData() (0x23) 

This read-only string allows access to an up to 15-byte 
manufacturer data string. 

Output: block data — data whose meaning is as- 
signed by the Smart Battery's manufacturer. 

EndofDischargeVoltage1() (0x3e) 

This read-only word returns the first end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. Re- 
turns battery end-of-discharge voltage pro- 
grammed in EEPROM in mV. 


FLAGS1 &2() (0x2f) 

This read-only register returns an unsigned integer 
representing the internal status registers of the bq2092. 
The MSB represents FLAGS2, and the LSB represents 
FLAGS 1. See Table 6 for the bit description for 
FLAGS 1 and FLAGS2. 

FLAGS2 

The Display Mode flag (DMODE), bit 7, determines 
whether the bq2092 displays Relative or Absolute capac- 
ity. 

The DMODE values are: 


FLAGS2 Bits 

7 

6 1 5 1 4 1 3 

2 

1 

0 

DMODE - 

- 

- 

- 

- 

- 

- 


Where DMODE is: 

0 Selects Absolute display 

1 Selects Relative display 
Bit 6 is reserved. 

The Chemistry flag (CHM), bit 5, selects Li-Ion or nickel 
compensation factors. 

The CHM values are: 


FLAGS2 Bits ! 

7 

6 

Ol 

3 

2 

1 

0 

- 

CHM 

- 

- 


- 

- 


Table 6. Bit Descriptions for FLAGS1 and FLAGS2 



(MSB) 7 

6 

5 

4 

3 

2 

1 

0 (LSB) 

FLAGS2 

DMODE 

- 

CHM 

CC 


OV 

LTF 

oc 

FLAGS 1 

- 

- 

VQ 

WRINH 

VDQ 

SEDV 

EDV1 

EDVF 


Note: - = Reserved 
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Where CHM is: 

0 Selects Nickel 

1 Selects Li-Ion 

Bit 4, the Charge Control flag (CC), determines whether 
a bq2092-based charge termination will set RM to a 
user-defined programmable full charge capacity. 


The CC values are: 


FLAGS2 Bits 

7 

6 

5 4 

3 1 

2 

1 

0 

- 

- 

CC 

- 

- 


- 


Where CC is: 


0 RM is not modified on valid bq2092 
charge termination 

1 RM is set to a programmable percentage of 
the FCC when a valid bq2092 charge termi- 
nation occurs 

Bit 3 is reserved. 

Bit 2, the Overvoltage flag (OV), is set when the bq2092 
detects a pack voltage 5% greater than the programmed 
charging voltage. This bit is cleared when the pack volt- 
age falls 5% below the programmed charging voltage. 


The OV values are: 


FLAGS2 Bits 

7 

6 

5 

4 

3 1 2 

1 

0 

- 


- 

OV 

- 

- 


Where OV is: 

0 Battery VoltageO < 1.05 * ChargingVoltage 

1 BatteryVoltageO > 1.05 * ChargingVoltage 

Bit 1, the Low Temperature Fault flag (LTF), is set when 
temperature < 0°C and cleared when temperature > 5°C. 

The LTF values are: 

Where LTF is: 

0 Temperature > 5°C 

1 Temperature < 0°C 

Bit 0, the Overcurrent flag (OC), is set when the average 
current is 25% greater than the programmed charging 
current. If the charging current is programmed less than 
1024mA, overcurrent is set if the average current is 
256mA greater than the programmed charging current. 


This flag is cleared when the average current falls below 
256mA. 

The OC values are: 


FLAGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 


- 

- 

- 

- 

- 

OC 


Where OC is: 

0 Average current is less than 1.25 * charg- 
ing current or less than 256mA if charging 
current is programmed less than 1024mA 

1 Average current exceeds 1.25 * charging 
current or 256mA if the charging current is 
programmed less than 1024mA. This bit is 
cleared if average current < 256mA 


FLAGS1 

Bits 7 and 6 are reserved. The Valid Charge flag (VQ), 
bit 5, is set when Vsro ^ | Vsrd | and lOmAh of charge 
has accumulated. This bit is cleared during a discharge 
and when Vsro ^ | Vsrd | . 


The VQ values are: 


FLAGS1 Bits 

7 

6 5 4 

3 

2 

1 ° 

- 

- VQ - 

- 

- 

- 


Where VQ is: 

0 Vsro < | vsrd | 

1 Vsro ^ | Vsrd | and lOmAh of charge has 
accumulated 

The Write Inhibit flag (WRINH), bit 4, allows or inhibits 
writes to all registers. 


The WRINH values are: 


FLAGS1 Bits 

7 

6 

5 

4 1 3 

2 

i 

0 

- 


- 

WRINH 

- 



Where WRINH is: 

0 Allows writes to all registers 

1 Inhibits all writes and secures the bq2092 
from invalid/undesired writes. 
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WRINH should be set at the time of pack assembly and 
tested to prevent special read-write registers from acci- 
dental over-writing. 

The Valid Discharge flag (VDQ), bit 3, is set when a 
valid discharge is occurring (discharge cycle valid for 
learning new full charge capacity) and cleared if a 
partial charge is detected, EDV1 is asserted when T < 
0°C, or self-discharge accounts for more than 256mAh of 
the discharge. 


The VDQ values are: 


FLAGS1 Bits 

7 

6 

5 

4 3 

2 

1 

0 

- 

- 

- 

VDQ 

i I 

- 

- 


Where VDQ is: 

0 Self-discharge is greater than 256mAh, 

EDV1 = 1 when T < 0°C or VQ = 1 

1 On first discharge after RM=FCC 

The Stop EDV flag (SEDV), bit 2, is set when the 
discharge current > 6.15A and cleared when the 
discharge current falls below 6.15A. 


The SEDV values are: 


FLAGS1 Bits 

7 

6 

5 

4 

CM 

CO 

1 

0 

- 

- 

- 

- 

SEDV 

- 

- 


Where SEDV is: 

0 Current < 6.15A 

1 Current > 6.15A 

The First End-of -Discharge Voltage flag (EDV1), bit 1, is 
set when Voltage < EDV1 = 1 if SEDV = 0 and cleared 
when VQ = 1 and Voltage > EDV1. 


The EDV1 values are: 


FLAGS1 Bits 

7 

6 

5 

4 

3 2 

1 

0 

- 

- 


- 

EDV1 

- 


The EDVF values are: 


FLAGS1 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 


- 

EDVF 


Where EDVF is: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and SEDV = 0 

Software Reset 

The bq2092 can be reset over the serial port by confirm- 
ing that the WRINH bit is set to zero in FLAGS 1, writ- 
ing MaxError (0x0c) to any value other than 2, and writ- 
ing the reset register (0x44) to 8009, causing the bq2092 
to reinitialize and read the default values from the 
external EEPROM. 

Error Codes and Status Bits 

Error codes and status bits are listed in Table 7 and 
Table 8, respectively. 

Programming the bq2092 

The bq2092 requires the proper programming of an 
external EEPROM for proper device operation. Each 
module can be calibrated for the greatest accuracy, or 
general “default” values can be used. A programming 
kit (interface board, software, and cable) for an IBM- 
compatible PC is available from Unitrode. Please 
contact Unitrode for further details 

The bq2092 uses a 24LC01 or equivalent serial 
EEPROM for storing the various initial values, calibra- 
tion data, and string information. Table 1 outlines the 
parameters and addresses for this information. Tables 9 
and 10 detail the various register contents and show an 
example program value for an 1800mAh NiMH battery 
pack, using a 50mQ sense resistor. 


Where EDV1 is: 

0 VQ = 1 and Voltage > EDV1 

1 Voltage < EDV1 and SEDV = 0 

The Final End-of-Discharge Voltage flag (EDVF), bit 0, is 
set when Voltage < EDVF = 1 if SEDV = 0 and cleared 
when VQ = 1 and VoltageO > EDVF. 
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Table 7. Error Codes (BatteryStatusQ (0x16)) 


Error 

Code 

Access 

Description 

OK 

0x0000 

read/write 

bq2092 processed the function code without detecting any errors 

Busy 

0x0001 

read/write 

bq2092 is unable to process the function code at this time 

NotReady 

0x0002 

read/write 

bq2092 cannot read or write the data at this time — try again 
later 

UnsupportedCommand 

0x0003 

read/write 

bq2092 does not support the requested function code 

AccessDenied 

0x0004 

write 

bq2092 detected an attempt to write to a read-only function code 

0 verflow/U nderflow 

0x0005 

read/write 

bq2092 detected a data overflow or underflow 

BadSize 

0x0006 

write 

bq2092 detected an attempt to write to a function code with an 
incorrect size data block 

UnknownError 

0x0007 

read/write 

bq2092 detected an unidentifiable error 


Note: Reading the bq2092 after an error clears the error code. 
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Table 8. Status Bits 


Alarm Bits 

Bit Name 

Set When: 

Reset When: 

OVER_CHARGE_ALARM 

bq2092 detects over-temperature or AT/ 

At. (Note: valid charge termina- 
tion). 

A discharge occurs or when AT/At, or 
over-temperature, ceases during 
charge. 

TERMINATE_CHARGE_ALARM 

bq2092 detects over-current, over- 
voltage, over-temperature, or AT/At 
conditions exist during charge. 
Charging current is set to zero, indi- 
cating a charge suspend. 

A discharge occurs or when all condi- 
tions causing the event cease. 

AT/At_ALARM 

bq2092 detects the rate-of- 
temperature increase is above the pro- 
grammed value (valid termination) 

The temperature rise falls below the 
programmed rate. 

OVER_TEMP_ALARM 

bq2092 detects that its internal tem- 
perature is greater than the pro- 
grammed value (valid termination). 

Internal temperature falls below 

50°C. 

TERMINATE_DISCHARGE_ALARM 

bq2092 determines that it has sup- 
plied all the charge that it can with- 
out being damaged (EDVF). 

Vbat > Vedvf signifying that the 
battery has reached a state of charge 
sufficient for it to once again safely 
supply power. 

REMAININ G_CAPACITY_ALARM 

bq2092 detects that the Remaining- 
CapacityO is less than that set by 
the RemainingCapacityO function. 

Either the value set by the Remain- 
ingCapacityAIarmO function is lower 
than the Remaining CapacityO or 
the RemainingCapacityO is in- 
creased by charging. 

REMAININ G_TIME_ALARM 

bq2092 detects that the estimated 
remaining time at the present dis- 
charge rate is less than that set by 
the RemainingTimeAlarmO function. 

Either the value set by the Remain- 
ingTimeAlarmO function is lower 
than the AverageTimeToEmptyO or 
a valid charge is detected. 

Status Bits 

Bit Name 

Set When: 

Reset When: 

INITIALIZED 

bq2092 is set when the bq2092 has 
reached a full or empty state. 

Battery detects that power-on or 
user-initiated reset has occurred. 

DISCHARGING 

bq2092 determines that it is not be- 
ing charged. 

Battery detects that it is being 
charged. 

FULLY_CHARGED 

bq2092 determines a valid charge 
termination. RM will then be set to 
full charge percentage if necessary. 

RM discharges below the full charge 
percentage 

FULLY.DISCHARGED 

bq2092 determines that it has 
supplied all the charge that it can 
without being damaged (that is, con- 
tinued use will result in permanent 
capacity loss to the battery) 

RelativeStateOfCharge is greater 
than or equal to 20% 
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Table 9. Example Register Contents 


Description 

EEPROM 

Address 

EEPROM 
Hex Contents 

Example 

Values 

Notes 

Low 

Bvte 

High 

Bvte 

Low 

Bvte 

High 

Bvte 

Design 

Capacity 

0x00 

0x01 

08 

07 

1800mAh 

This sets the initial full charge battery capacity 
stored in FCC. FCC is updated with the actual full 
to empty discharge capacity after a valid discharge 
from RM = FCC to VoltageO = EDV1. 

Initial 

Battery 

Voltage 

0x02 

0x03 

30 

2a 

10800mV 

This register is used to set the battery voltage on reset. 

Fast charging 
current 

0x04 

0x05 

08 

07 

1800mA 

This register is used to set the fast charge current for 
the Smart Charger. 

Fast charging 
voltage 

0x06 

0x07 

c4 

3b 

15300mV 

This register is used to set the fast charge voltage for 
the Smart Charger. 

Remaining 

Capacity 

Alarm 

0x08 

0x09 

b4 

00 

180mAh 

This value represents the low capacity alarm value. 

FLAGS 1 

0x0a 


10 



FLAGS 1 should be set to lOh before pack shipment to 
inhibit undesirable writes to the bq2092. (WRINH = 1.) 

FLAGS2 

0x0b 


90 


Li-Ion = bOh 
NiMH = 90h 

See FLAGS2 register for the bit description and the 
proper value for programming FLAGS2. Selects rela- 
tive display mode, selects NiMH compensation factors, 
and enables bq2092 Smart Charger control. 

Current 

Measurement 

Gain 1 

0x0c 

OxOd 

ee 

02 

37.5/.05 

The current gain measurement and current integration 
gain are related and defined for the bq2092 current 
measurement. 0x0c = 37.5/sense resistor value in 
ohms. 

EDV1 

OxOe 

OxOf 

16 

db 

9450mV 

(1.05V/cell) 

The value programmed is the two's complement of the 
threshold voltage in mV. 

EDVF 

0x10 

Oxll 

d8 

dc 

9000mV 

(l.OV/cell) 

The value programmed is the two's complement of the 
threshold voltage in mV. 


Note: 1. Can be adjusted to calibrate the battery pack. 
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Table 9. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 

Hex 

Contents 

Example 

Values 

Notes 

Low 

Byte 

High 

Byte 

Low 

Byte 

High 

Byte 

Temperature 

Offset 1 

0 x 12 


32 


5.0°C 

The default value is 0x80 ( 12 . 8 ° + nominal value). 
Actual temp ( 20 °C) = Nominal temp. (15°C) - temp, 
offset (5°C) where temperature determined by the 
bq2092 can be adjusted from 0 ° to 25.5° (Tempera- 
ture offset (0-255) * 0.1) + nominal value temp. 

Maximum 

Charge 

Temperature, 

ATemp. 

0x13 


87 


MaxT = 61.2°C 
(74 - (8 * 1.6)) 
AT = 3°C 
((7*2) + 16)/10 

Maximum charge temperature is 74 - (mt x 1.6)°C 
(mt = upper nibble). The AT step is (dT*2+16)/10°C 
(dT = lower nibble). 

Self- 

Discharge Rate 

0x14 


dd 


1.5% 

This packed field is the two's complement of 

52.73/x, where x = %/day is the self-discharge rate 
desired at room temperature. 

Digital 

Filter 

0x15 


96 


0.3mV 

This field is used to set the digital magnitude filter 
as described in Table 2. 

Current 

Integration 

Gain 

0x16 

0x17 

40 

00 

3.2/0.05 

This field represents the following: 3.2/sense resis- 
tor in ohms. It is used by the bq2092 to scale the 
measured voltage values on the SR pin in mA and 
mAh. This register also compensates for variations 
in the reported sense resistor value. 

Full Charge 
Percentage 

0x18 


aO 


96% = 60h 

2’s (60h) = aOh 

This packed field is the two’s complement of the 
desired value in RM when the bq2092 determines 
a full charge termination. If RM is below this 
value, RM is set to this value. If RM is above this 
value, then RM is not adjusted. 

Charge 

Compensation 

0x19 


bd 


85% = mainte- 
nance comp. 
95% = fast 
charge comp. 

This packed value is used to set the fast charge and 
maintenance charge efficiency for nickel-based batter- 
ies. The upper nibble adjusts the maintenance charge 
compensation; the lower nibble adjusts the fast 
charge compensation. 

Maintenance, upper nibble = (eff% * 256 - 128)/8 

Fast charge, lower nibble = (eff% * 256 - 192)/4 

Battery 

Voltage 

Offset 1 

(Voff) 

Oxla 


0 a 


lOmV 

This value is used to adjust the battery voltage offset 
according to the following: 

Voltage () = (Vsb (mV) + Voff) * Voltage Gain 

Voltage 

Gain r 

Oxlb 

Oxlc 

09 

17 

9.09 

Voltage gain is packed as two units. For example, 

(R 4 + R 5 )/R 4 = 9.09 would be stored as: whole num- 
ber stored in Oxlb (=09h) and the decimal compo- 
nent stored in Oxlc as 256 x 0.09 = 23. 

Serial 

Number 

Oxld 

Oxle 

12 

27 

10002 

This contains the optional pack serial number. 
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Table 9. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 
Hex Contents 

Example 

Values 

Notes 

Low 

Bvte 

High 

Bvte 

Low 

Bvte 

High 

Bvte 

Hold-off 

Timer/ 

ATime 

Ox If 


07 


320 s hold-off 
180 s Atime 

Hold-off time is 20 s * the two’s complement of the 
upper nibble value. AT is 20 s * the two’s comple- 
ment of the lower nibble value. 

Charge 

Cycle 

Count 

0x20 

0x21 

00 

00 

0 

This field contains the charge cycle count and should 
be set to zero for a new battery. 

Maintenance 

Charge 

Current 

0x22 

0x23 

64 

00 

100mA 

This field contains the desired maintenance current 
after fast charge termination by the bq2092. 

Reserved 

0x24 

0x31 





Design 

Voltage 

0x32 

0x33 

30 

2a 

10800mV 

This is nominal battery pack voltage. 

Specification 

Information 

0x34 

0x35 

00 

00 


This is the default value for this register. 

Manufacturer 

Date 

0x36 

0x37 

al 

20 

May 1, 1996 = 
8353 

Packed per the ManufactureDate description, which 
represents May 1, 1996 in this example. 


Table 10. Example Register Contents (String Data) 


String 

Description 

Address 

Ox 

XO 

Ox 

XI 

Ox 

X2 

Ox 

X3 

Ox 

X4 

Ox 

X5 

Ox 

X6 

Ox 

X7 

Ox 

X8 

Ox 

X9 

Ox 

Xa 

Ox 

Xb-Xf 

Reserved 

0x38- 

0x3f 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00-00 

Manufacturer's 

Name 

0x40- 

0x4f 

09 

42 

B 

45 

E 

4e 

N 

43 

C 

48 

H 

4d 

M 

41 

A 

52 

R 

51 

Q 

00 

00-00 

Device Name 

0x50- 

0x5f 

08 

42 

B 

51 

Q 

32 

2 

30 

0 

39 

9 

32 

2 

41 

A 

33 

3 

31 

1 

31 

1 

00-00 

Chemistry 

0x60- 

0x6f 

04 

4e 

N 

69 

I 

4d 

M 

48 

H 

00 

00 

00 

00 

00 

00 

00-00 

Manufacturer' s 
Data 

0x70- 

0x7f 

04 

44 

D 

52 

R 

31 

1 

35 

5 

00 

00 

00 

00 

00 

00 

00-00 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (see Figure 1) 

VSR 

Relative to Vss 

-0.3 

+7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery (see the bq2092 appli- 
cation note for details). 

Topr 

Operating tempera- 
ture 

0 

+70 

i 

°c 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to s.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Evsb 

Battery voltage error relative to SB 

-50mV 

- 

50mV 

V 

See note 


Note: The accuracy of the voltage measurement may be improved by adjusting the battery voltage offset and 

gain, stored in external EEPROM. For proper operation, Vcc should be 1.5V greater than Vsb. 
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Recommended DC Operating Conditions (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

5.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vref 

Reference at 25°C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

MQ. 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

HA 

Vcc = 3.0V 

- 

120 

180 

ha 

V cc = 4.25V 

- 

170 

250 

liA 

Vcc = 5.5V 

VsB 

Battery input 

0 

- 

Vcc 

V 


R-SBrnax 

SB input impedance 

10 

- 

- 

MQ 

0 < Vsb < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

rA 

Vdisp = Vss 

Ilvout 

Vout output leakage 

-0.2 

- 

0.2 

pA 

EEPROM off 

VSR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

MG 

-200mV < Vsr < Vcc 

VlH 

Logic input high 

0.5 * Vcc 

- 

Vcc 

V 

SCL, SDA 

1.4 

- 

5.5 

V 

SCC, SCD 

VlL 

Logic input low 

0 

- 

0.3 * Vcc 

V 

SCL, SDA 

-0.5 


0.6 

V 

SCC, SCD 

VOL 

Data, clock output low 

- 

- 

0.4 

V 

I O L=350pA, SDA, SCD 

IOL 

Sink current 

100 

- 

350 

pA 

Vol<0.4V, SDA, SCD 

VoLSL 

SEGx output low, low Vcc 

- 

0.1 


V 

Vcc = 3V, Iols ^ 1.75mA 
SEG 1 -SEG 4 

VoLSH 

SEGx output low, high Vcc 

- 

0.4 

- 

V 

Vcc = 5.5V, Iols ^ 11.0mA 
SEG 1 -SEG 4 

VoHVL 

Vout output, low Vcc 

Vcc - 0.3 


- 

V 

Vcc = 3V, Ivout = -5.25mA 

VoHVH 

Vout output, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc = 5.5V, Ivout = -33.0mA 

IVOUT 

Vout source current 

-33 

- 

- 

mA 

At Vohvh = Vcc - 0.6V 

IOLS 

SEGx sink current 

- 

- 

11.0 

mA 

At Volsh = 0.4V 


Note: All voltages relative to Vss. 


24/26 


4-337 





bq2092 


AC Specifications 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

Fsmb 

SMBus operating frequency 

10 

100 

KHz 


Tbuf 

Bus free time between stop and 
start condition 

4.7 


ps 


ThD:STA 

Hold time after (repeated) start 
condition 

4.0 


M-S 


TsU:STA 

Repeated start condition setup 
time 

250 


ns 

SCD 

4.7 


ps 

External Memory 

TsU:STO 

Stop condition setup time 

4.0 


ps 


ThD:DAT 

Data hold time 

1 


ps 


TsU:DAT 

Data setup time 

250 


ns 


Texti 

Data buffering time addresses 


40 

ms 

0x19, Oxla, Oxlb 

TeXT2 

String buffering time addresses 
0x20-0x23 per character 


15 

ms 

40ms for first character 

Tpd 

Data output delay time 

300 

3500 

ns 

External memory only. See Note. 

Tlow 

Clock low period 

4.7 


ps 


Thigh 

Clock high period 

4.0 


ps 


Tf 

Clock/Data fall time 


300 

ns 


Tr 

Clock/data rise time 


1000 

ns 



Note: The external memory must provide this internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Bus Timing Data 
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Data Sheet Revision History 


Chanae No. 

Paqe No. 

Description 

Nature of Chanae 

1 

21 

Correction in the Self-Discharge Rate EEPROM Hex con- 
tents 

Was: fO 

Is: df 

1 

21 

Correction in the Self-Discharge Rate example values 

Was: 0.15C 

Is: 1.5% 

2 

3 

Updated application diagram 


2 

5 

Added VSB should not exceed 2.4V 


2 

12 

Clarified operation of bits 13 and 14 in BatteryModeO 


2 

13 

Clarified invalid data indication in RunTimeToEmptyO 


2 

13 

Clarified invalid data indication in AverageTimeToEmptyO 


2 

21 

Update formula for voltage divider in Voltage Gain. 



Note: Change 1 = Nov. 1997 B changes from April 1997. 

Change 2 = June 1999 C changes from Nov. 1997 B. 



Ordering Information 


bq2092 

^“Temperature Range: 

blank = Commercial (-20 to +70°C) 


Package Option: 

SN = 16-pin narrow SOIC 


1 — Device: 

bq2092 Gas Gauge IC With SMBus-Like Interface 
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Features 

> Provides accurate measurement 
of available charge in NiCd, 
NiMH, and Li-Ion batteries 

>- Supports SBS vl.O data set and 
two-wire interface 

>- Two programmable general 
purpose output ports for added 
flexibility 

> Designed for battery pack inte- 
gration 

- Low operating current 

- Complete circuit can fit on less 
than 3 A square inch of PCB 
space 

> Supports SBS charge control 
commands for NiCd, NiMH, and 
Li-Ion 

> Drives a five-segment LED dis- 
play for remaining capacity 
indication 

> 16-pin narrow SOIC 


bq2945 

Gas Gauge 1C with SMBus Interface 


General Description 

The bq2945 Gas Gauge IC With 
SMBus Interface is intended for 
battery-pack or in-system installa- 
tion to maintain an accurate record 
of available battery charge. The 
bq2945 directly supports capacity 
monitoring for NiCd, NiMH, and 
Li-Ion battery chemistries. 

The bq2945 uses the System Man- 
agement Bus vl.O (SMBus) protocol 
and supports the Smart Battery 
Data (SBData) commands. The 
bq2945 also supports the SBData 
charge control functions. Battery 
state-of-charge, remaining capacity, 
remaining time, and chemistry are 
available over the serial link. 
Battery-charge state can be directly 
indicated using a five-segment LED 
display to graphically depict battery 
full-to-empty in 20% increments. 


The bq2945 estimates battery self- 
discharge based on an internal 
timer and temperature sensor and 
user-programmable rate informa- 
tion stored in external EEPROM. 
The bq2945 also automatically re- 
calibrates or “learns” battery capac- 
ity in the full course of a discharge 
cycle from full to empty. 

The bq2945 may operate directly 
from three nickel chemistry cells. 
With the REF output and an exter- 
nal transistor, a simple, inexpensive 
regulator can be built to provide Vcc 
for other battery cell configurations. 

An external EEPROM programs 
initial values into the bq2945 and is 
necessary for proper operation. 


Pin Connections 


Pin Names 




-T37 


Vcc □ 

1 

16 

U VOUT 

LED-i/ESCL 

2 

15 

2 ] REF 

led 2 /esda [2 

3 

14 

22 SMBC 

led 3 [I 

4 

13 

2 ] SMBD 

led 4 |Z 

5 

12 

□ cp 2 

LEDsE 

6 

11 

22 sb 

CPI □ 

7 

10 

2 ] DiSP 

Vss E 

8 

9 

22 SR 

16-Pin Narrow SOIC 



PN294501.eps 


V CC 

3. 0-6.5 V 

LEDj 

LED segment 1/ 
EEPROM clock 

led 2 

LED segment 2/ 
EEPROM data 

led 3 

LED segment 3 

led 4 

LED segment 4 

led 5 

LED segment 5 

CPi 

Control pin 1 

V SS 

System ground 


1/30 


SR 

Sense resistor input 

DISP 

Display control input 

SB 

Battery sense input 

CP 2 

Control pin 2 

SMBD 

SMBus data input/output 

SMBC 

SMBus clock 

REF 

Voltage reference output 

Vqut 

EEPROM supply output 
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Pin Descriptions 

Vcc Supply voltage input 

LEDi- LED display segment outputs 

LEDs 

Each output may drive an external LED. 

ESCL Serial memory clock 

Output used to clock the data transfer be- 
tween the bq2945 and the external non- 
volatile configuration memory. 

ESDA Serial memory data and address 

Bidirectional pin used to transfer ad- 
dress and data to and from the bq2945 
and the external nonvolitile configura- 
tion memory. 

CPi- Control pins 1 and 2 

CP 2 

These open-drain outputs can be con- 
trolled by an SMBus command from the 
host. CP 2 can also act as a digital input. 

Vss Ground 

SR Sense resistor input 

The voltage drop (Vsr) across pins SR and 
Vss is monitored and integrated over time 
to interpret charge and discharge activity. 
The SR input is connected to the sense re- 
sistor and the negative terminal of the 
battery. Vsr < Vss indicates discharge, and 
Vsr > Vss indicates charge. The effective 
voltage drop, Vsro, as seen by the bq2945 
is Vsr + Vos- (See Table 3.) 


DISP Display control input 

DISP high disables the LED display. DISP 
floating allows the LED display to be active 
during charge if the rate is greater than 
100mA. DISP low activates the display for 
4 seconds. 

SB Secondary battery input 

Monitors the pack voltage through a high- 
impedance resistor divider network. The 
pack voltage is reported in the SBD register 
function Voltage (0x09) and is monitored for 
end-of-discharge voltage and charging volt- 
age parameters. 

SMBD SMBus data 

Open-drain bidirectional pin used to trans- 
fer address and data to and from the 
bq2945. 

SMBC SMBus clock 

Open-drain bidirectional pin used to clock 
the data transfer to and from the bq2945. 

REF Reference output for regulator 

REF provides a reference output for an op- 
tional FET-based micro-regulator. 

Vout Supply output 

Supplies power to the external EEPROM 
configuration memory. 
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Functional Description 

General Operation 

The bq2945 determines battery capacity by monitoring 
the amount of charge put into or removed from a re- 
chargeable battery. The bq2945 measures discharge 
and charge currents, estimates self-discharge, and 
monitors the battery for low-battery voltage thresholds. 
The charge is measured by monitoring the voltage 
across a small-value series sense resistor between the 
battery's negative terminal and ground. The available 
battery charge is determined by monitoring this voltage 
over time and correcting the measurement for the envi- 
ronmental and operating conditions. 


Figure 1 shows a typical battery pack application of the 
bq2945 using the LED capacity display, the serial port, 
and an external EEPROM for battery pack program- 
ming information. The bq2945 must be configured and 
calibrated for the battery-specific information to ensure 
proper operation. Table 1 outlines the configuration in- 
formation that must be programmed in the EEROM. 

An internal temperature sensor eliminates the need 
for an external thermistor — reducing cost and compo- 
nents. An internal, temperature-compensated time- 
base eliminates the need for an external resonator, 
further reducing cost and components. The entire cir- 
cuit in Figure 1 can occupy less than y 4 square inch of 
board space. 
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Notes: 


R4, R5, and Rll values depend on the battery voltage. 
R12 and R13 nominal values must be 10k 



Chart 1 


No. of Cells 

Q1 

R4 

R5 

R11 


2 

BSS138 

100K 

301 K 

604K 

o 

3 

BSS138 

100K 

499K 

806K 


4 

2N7002 

100K 

698K 

604K 


6 

BSS138 

100K 

499K 

499K 


8 

BSS138 

100K 

698K 

806K 

i 

9 

2N7002 

100K 

806K 

499K 


10 

2N7002 

100K 

909K 

604K 


12 

2N7002 

86.5K 

909K 

909K 


Figure 1. Battery Pack Application Diagram — LED Display 
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Table 1. Configuration Memory Map 


Parameter Name 

Address 

Description 

Length 

Units 

EEPROM length 

0x00 

Number of EEPROM data locations 
must = 0x64 

8 bits 

NA 

EEPROM checkl 

0x01 

EEPROM data integrity check byte 
must = 0x5b 

8 bits 

NA 

Remaining time alarm 

0x02/0x03 

Sets RemainingTimeAlarm (0x02) 

16 bits 

minutes 

Remaining capacity alarm 

0x04/0x05 

Sets RemainingCapacityAlarm (0x01) 

16 bits 

mAh 

Reserved 

0x06/0x07 

Reserved for future use 

16 bits 

NA 

Initial charging current 

0x08/0x09 

Sets the initial charging current 

16 bits 

mA 

Charging voltage 

OxOa/OxOb 

Sets ChargingVoltage (0x15) 

16 bits 

mV 

Battery status 

OxOc/OxOd 

Initializes BatteryStatus (0x16) 

16 bits 

NA 

Cycle count 

OxOe/OxOf 

Initializes and stores CycleCount (0x17) 

16 bits 

cycles 

Design capacity 

0x10/0x11 

Sets DesignCapacity (0x18) 

16 bits 

mAh 

Design voltage 

0x12/0x13 

Sets DesignVoltage (0x19) 

16 bits 

mV 

Specification information 

0x14/0x15 

Programs Specificationlnfo (Oxla) 

16 bits 

NA 

Manufacturer date 

0x16/0x17 

Programs ManufactureDate (Ox lb) 

16 bits 

NA 

Serial number 

0x18/0x19 

Programs SerialNumber (Oxlc) 

16 bits 

NA 

Fast-charging current 

Oxla/Oxlb 

Sets ChargingCurrent (0x14) 

16 bits 

mA 

Maintenance-charge current 

Oxlc/Oxld 

Sets the trickle current request 

16 bits 

mA 

Reserved 

Oxle/Oxlf 

Reserved must = 0x0000 

16 bits 

mAh 

Manufacturer name 

0x20-0x2b 

Programs ManufacturerName (0x20) 

96 bits 

NA 

Current integration gain 

0x2c/0x2d 

Programs the sense resistor scale 

16 bits 

NA 

Reserved 

0x2e/0x2f 

Reserved for future use 

16 bits 

NA 

Device name 

0x30-0x37 

Programs DeviceName (0x21) 

64 bits 

NA 

Li-Ion taper current 

0x38/0x39 

Sets the upper limit of the taper current for charge 
termination 

16 bits 

mA 

Maximum overcharge limit 

0x3a/0x3b 

Sets the maximum amount of overcharge 

16 bits 

NA 

Reserved 

0x3 c 

Reserved must = 0x00 

8 bits 

NA 

Access protect 

0x3d 

Locks commands outside of the SBS data set 

8 bits 

NA 

FLAGS 1 

0x3e 

Initializes FLAGS 1 

8 bits 

NA 

FLAGS2 

0x3f 

Initializes FLAGS 2 

8 bits 

NA 

Device chemistry 

0x40-0x47 

Programs DeviceChemistry (0x22) 

64 bits 

NA 

Battery voltage offset 

0x48 

Voltage calibration value 

8 bits 

NA 

Temperature offset 

0x49 

Temperature calibration value 

8 bits 

NA 

Maximum temperature and 

0x4a 

Sets the maximum charge temperature and the AT 

8 bits 

NA 

AT step 

step for AT/At termination 
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Table 1 . Configuration Memory Map (Continued) 


Parameter Name 

Address 

Description 

Length 

Units 

Charge efficiency 

0x4b 

Sets the high/low charge rate efficiencies 

8 bits 

NA 

Full-charge percentage 

0x4c 

Sets the percent at which the battery is consid- 
ered fully charged 

8 bits 

NA 

Digitial filter 

0x4d 

Sets the minimum charge/discharge threshold 

8 bits 

NA 

Reserved 

0x4e 

Reserved for future use 

8 bits 

NA 

Self-discharge rate 

0x4f 

Sets the battery’s self-discharge rate 

8 bits 

NA 

Manufacturer data 

0x50-0x55 

Programs ManufacturerData (0x23) 

48 bits 

NA 

Voltage gainl 

0x56/0x57 

Battery divider calibration value 

16 bits 

NA 

Reserved 

0x58-0x59 

Reserved 

16 bits 

NA 

Current measurement gain 

0x5a/0x5b 

Sense resistor calibration value 

16 bits 

NA 

End of discharge voltage 1 

0x5c/0x5d 

Sets EDV1 

16 bits 

NA 

End of discharge voltage final 

0x5e/0x5f 

Sets EDVF 

16 bits 

NA 

Full-charge capacity 

0x60/0x61 

Initializes and stores FullChargeCapacity (0x10) 

16 bits 

mAh 

At step 

0x62 

Sets the At step for AT/At termination 

8 bits 

NA 

Hold-off time 

0x63 

Sets AT/At hold-off timer 

8 bits 

NA 

EEPROM check 2 

0x64 

EEPROM data integrity check byte 
must = 0xb5 

8 bits 

NA 

Reserved 

0x65-0x7f 

Reserved for future use 


NA 
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Voltage Thresholds 

In conjunction with monitoring Vsr for charge/discharge 
currents, the bq2945 monitors the battery potential 
through the SB pin. The voltage potential is deter- 
mined through a resistor-divider network per the fol- 
lowing equation: 

Rs_ = MBV _ 

R 4 2.25 

where MBV is the maximum battery voltage, R 5 is con- 
nected to the positive battery terminal, and R 4 is con- 
nected to the negative battery terminal. R 5 /R 4 should be 
rounded to the next higher integer. R 5 and R 4 should be 
sized so that the voltage at the SB pin (Vsb) should 
never exceed 2.4V. 

The battery voltage is monitored for the end-of- 
discharge voltages (EDV1 and EDVF) and for alarm 
warning conditions. EDV threshold levels are used to de- 
termine when the battery has reached an “empty” state. 
The bq2945 generates an alarm warning when the bat- 
tery voltage exceeds the maximum charging voltage by 
5% or if the voltage is below EDVF. The battery voltage 
gain, the two EDV thresholds, and the charging voltage 
are programmable in the EEPROM. 

If Vsb is below either of the two EDV thresholds, the associ- 
ated flag is latched and remains latched, independent of 
Vsb, until the next valid charge. 

EDV monitoring may be disabled under certain condi- 
tions. If the discharge current is greater than approxi- 
mately 6A, EDV monitoring is disabled and resumes af- 
ter the current falls below 6A. 

Reset 

The bq2945 is reset when first connected to the battery 
pack. On power-up, the bq2945 initializes and reads the 
EEPROM configuration memory. The bq2945 can also 
be reset with a command over the SMBus. The software 
reset sequence is the following: (1) write MaxError 
(0x0c) to 0x0000; (2) write the reset register (0x64) to 
0x8009. A software reset can only be performed if the 
bq2945 is in an unlocked state as defined by the value in 
location 0x3d of the EEPROM (EE 0x3d) on power-up. 

Temperature 

The bq2945 monitors temperature sensing using an in- 
ternal sensor. The temperature is used to adapt charge 
and self-discharge compensations as well as to monitor 
for maximum temperature and AT/At during a bq2945 
controlled charge. Temperature may also be accessed 
over the SMBus with command 0x08. 


Layout Considerations 

The bq2945 measures the voltage differential between 
the SR and Vss pins. Vos (the offset voltage at the SR 
pin) is greatly affected by PC board layout. For optimal 
results, the PC board layout should follow the strict rule 
of a single-point ground return. Sharing high-current 
ground with small signal ground causes undesirable 
noise on the small signal nodes. Additionally, in refer- 
ence to Figure 1: 

■ The capacitors (Cl and C2) should be placed as close as 
possible to the SB and Vcc pins, and their paths to Vss 
should be as short as possible. A high-quality ceramic 
capacitor of 0. Ip f is recommended for Vcc- 

■ The sense resistor capacitor (C3) should be placed as 
close as possible to the SR pin. 

■ The bq2945 should be in thermal contact with the 
cells for optimum temperature measurement. 

■ An optional zener (D9) may be necessary to ensure that 
Vcc is not above the maximum rating during 
operation. 

Gas Gauge Operation 

The operational overview diagram in Figure 2 illus- 
trates the operation of the bq2945. The bq2945 accumu- 
lates a measure of charge and discharge currents, as 
well as an estimation of self-discharge. Charge currents 
are compensated for temperature and state-of-charge of 
the battery. Self-discharge is temperature-compensated. 

The main counter, RemainingCapacity (RM), represents 
the available battery capacity at any given time. Battery 
charging increments the RM register, whereas battery dis- 
charging and self-discharge decrement the RM register 
and increment the internal Discharge Count Register 
(DCR). 

The Discharge Count Register is used to update the 
FullChargeCapacity (FCC) register only if a complete 
battery discharge from full to empty occurs without any 
partial battery charges. Therefore, the bq2945 adapts 
its capacity determination based on the actual condi- 
tions of discharge. 

The battery's initial full capacity is set to the value stored 
in EE 0x60-0x61. Until FCC is updated, RM counts up to, 
but not beyond, this threshold during subsequent charges. 

1. FullChargeCapacity or learned-battery 
capacity: 

FCC is the last measured discharge capacity of the 
battery. On initialization (application of Vcc or reset), 
FCC is set to the value stored in the EEPROM. Dur- 
ing subsequent discharges, FCC is updated with the 
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Figure 2. Operational Overview 


latest measured capacity in the Discharge Count Reg- 
ister, representing a discharge from full to below 
EDV1. A qualified discharge is necessary for a capac- 
ity transfer from the DCR to the FCC register. Once 
updated, the bq2945 writes the new FCC to the EE- 
PROM. The FCC also serves as the 100% reference 
threshold used by the relative state-of-charge calcula- 
tion and display. 

2. DesignCapacity (DC): 

The DC is the user-specified battery capacity and is 
programmed from external EEPROM. The DC also 
provides the 100% reference for the absolute dis- 
play mode. 

3. RemainingCapacity (RM): 

RM counts up during charge to a maximum value of 
FCC and down during discharge and self-discharge to 
0. RM is set to OOOAh after the EDV1 threshold has 
been reached and a valid charge has been detected. 
To prevent overstatement of charge during periods 
of overcharge, RM stops incrementing when RM = 
FCC. RM may optionally be written to a user- 
defined value when fully charged if the battery 
pack is under bq2945 charge control. On initializa- 
tion, RM is set to the value stored in EE 
Oxle — Oxlf. 

4. Discharge Count Register (DCR): 

The DCR counts up during discharge independent 
of RM and can continue increasing after RM has 
decremented to 0. Prior to RM = 0 (empty battery), 


both discharge and self-discharge increment the 
DCR. After RM = 0, only discharge increments 
the DCR. The DCR resets to 0 when RM = FCC. 
The DCR does not roll over but stops counting 
when it reaches FFFFh. 

The DCR value becomes the new FCC value on the 
first charge after a qualified discharge to EDV1. A 
qualified discharge to EDV1 occurs if all of the fol- 
lowing conditions exist: 

■ No valid charge initiations (charges greater than 
lOmAh), where Vsro > +Vsrd occurred during 
the period between RM = FCC and EDV1 de- 
tected. 

■ The self-discharge count is not more than 
256mAh. 

■ The temperature is > 273°K (0°C) when the 
EDV 1 level is reached during discharge. 

The valid discharge flag (VDQ) in FLAGS 1 indi- 
cates whether the present discharge is valid for an 
FCC update. FCC cannot be reduced by more than 
256mAh during any single cycle. 

Charge Counting 

Charge activity is detected based on a positive voltage 
on the SR input. If charge activity is detected, the 
bq2945 increments RM at a rate proportional to Vsro 
and, if enabled, activates an LED display. Charge ac- 
tions increment the RM after compensation for charge 
state and temperature. 
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The bq2945 determines charge activity sustained at a 
continuous rate equivalent to Vsro > +Vsrd- A valid 
charge equates to sustained charge activity 
greater than 10 mAh. Once a valid charge is detected, 
charge threshold counting continues until Vsro falls be- 
low Vsrd. Vsrd is a programmable threshold as de- 
scribed in the Digital Magnitude Filter section. 

Discharge Counting 


seconds-320seconds). Typical settings for l°C/min in- 
clude 2°C over 120 seconds and 3°C over 180 seconds. 
Longer times are required for increased slope resolution. 

AT AT 

— is set by the formula: — = 

At At 


[(lower nibble of EE 0x4a)*2 + 16]/ 10 
[2's(EE 0x62) * 20] 



All discharge counts where Vsro < -Vsrd cause the RM 
register to decrement and the DCR to increment. Vsrd 
is a programmable threshold as described in the Digital 
Magnitude Filter section. 

Self-Discharge Estimation 

The bq2945 continuously decrements RM and incre- 
ments DCR for self-discharge based on time and tem- 
perature. The bq2945 self-discharge estimation rate is 
programmed in EE 0x4f and can be set from 0 to 25% 
per day for 20-30°C. This rate doubles every 10°C 
from 30°C to 70°C and halves every 10°C from 20°C to 
0°C. 

Charge Control 

The bq2945 supports SBS charge control by broadcast- 
ing the ChargingCurrent and the ChargingVoltage to 
the Smart Charger address. The bq2945 broadcasts 
charging commands every 10 seconds; the broadcasts 
can be disabled by writing bit 14 of BatteryMode to 1. 
On reset, the initial charging current broadcast to the 
charger is set to the value programmed in EE 0x08- 
0x09. The bq2945 updates the value used in the charg- 
ing current broadcasts based on the battery’s state of 
charge, voltage, and temperature. 

The bq2945 internal charge control is compatible with 
nickel-based and Li-Ion chemistries. The bq2945 uses 
current taper detection for Li-Ion primary charge termi- 
nation and AT/At for nickel based primary charge termi- 
nation. The bq2945 also provides a number of safety 
terminations based on battery capacity, voltage, and 
temperature. 

Current Taper 

For Li-Ion charge control, the ChargingVoltage must be 
set to the desired pack voltage during the constant volt- 
age charge phase. The bq2945 detects a current taper 
termination when it measures the pack voltage to be 
within 128mV of the requested charging voltage and 
when the AverageCurrent is between the programmed 
threshold in EE 0x38 — 0x39 and 100 mA for at least 40s. 

AT/At 

The AT/At used by the bq2945 is programmable in both 
the temperature step (1.6°C-4.6°C) and time step (20 


In addition to the AT/At timer, there is a hold-off timer, 
which starts when the battery is being charged at more 
than 255mA and the temperature is above 25°C. Until 
this timer expires, AT/At is suspended. If the tempera- 
ture falls below 25°C, or if charging current falls below 
255mA, the timer is reset and restarts only if these con- 
ditions are once again within range. The hold-off time is 
programmed in EE 0x63. 

Charge Termination 

Once the bq2945 detects a valid charge termination, the 
Fully_Charged, Terminate_Charge_Alarm, and the 
Over_Charged_Alarm bits are set in BatteryStatus, and 
the requested charge current is set to zero. Once the ter- 
minating conditions cease, the Terminate_Charge_Alarm 
and the Over_Charged_Alarm are cleared, and the re- 
quested charging current is set to the maintenance rate. 
The bq2945 requests the maintenance rate until RM falls 
below 95% of full-charge percentage. Once this occurs, 
the Fully_Charged bit is cleared, and the requested 
charge current and voltage are set to the fast-charge rate. 

Bit 4 (CC) in FLAGS2 determines whether RM is modi- 
fied after a AT/At or current taper termination occurs. If 
CC = 1, RM may be set from 0 to 100% of the FullChar- 
geCapacity as defined in EE 0x4c. If RM is below the 
full-charge percentage, RM is set to the full-charge per- 
centage of FCC. If RM is above the full-charge percent- 
age, RM is not modified. 

Charge Suspension 

The bq2945 may temporarily suspend charge if it de- 
tects a charging fault. The charging faults include the 
following conditions: 

■ Maximum Overcharge: If charging continues for 
more than the programmed maximum overcharge 
limit as defined in EE 0x3a — 0x36 beyond RM=FCC, 
the Fully_Charged bit is set, and the requested 
charging current is set to the maintenance rate. 

■ Overvoltage: An over-voltage fault exists when the 
bq2945 measures a voltage more than 5% above the 
ChargingVoltage. When the bq2945 detects an 
overvoltage condition, the requested charge current 
is set to 0 and the Terminate_Charge_Alarm bit is 
set in Battery Status. The alarm bit is cleared when 
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the current drops below 256mA and the voltage is 
less than 105% of ChargingVoltage. 

■ Overcurrent: An overcurrent fault exists when the 
bq2945 measures a charge current more than 25% 
above the ChargingCurrent. If the ChargingCurrent 
is less than 1024mA, an overcurrent fault exists if the 
charge current is more than 256mA above the 
ChargingCurrent. When the bq2945 detects an 
overcurrent condition, the requested charge current 
is set to 0 and the Terminate_Charge_Alarm bit is set 
in Battery Status. The alarm bit is cleared when the 
current drops below 256mA. 

■ Maximum Temperature: When the battery 
temperature exceeds the programmed maximum 
temperature, the requested charge current is set to 
zero and the Over_Temp_Alarm and the 
Terminate_Charge_Alarm bits are set in Battery 
Status. The alarm bits are cleared when the 
temperature drops below 50°C. 

■ Low Temperature: When the battery temperature 
is less than 0°C, the requested charge current is set 
to the maintenance rate. Once the temperature is 
above 5°C, the requested charge current is set to the 
fast rate. 

■ Undervoltage: When the battery voltage is below 
the EDVF threshold, the requested charge current is 
set to the maintenance rate. Once the voltage is 
above EDVF, the requested charge current is set to 
the fast rate. 


Q ET = 0 if T < 30°C 
Q et = 0.02 if 30°C < T < 40°C 
Q et = 0.05 if T > 40°C 

Qet is 0 over the entire temperature range for Li-Ion. 

Digital Magnitude Filter 

The bq2945 has a programmable digital filter to elimi- 
nate charge and discharge counting below a set 
threshold, Vsrd. Table 2 shows typical digital filter 
settings. The proper digital filter setting can be calcu- 
lated using the following equation. 

DMF = 

Vsrd 


Table 2. Typical Digital Filter Settings 


DMF 

DMF Hex. 

Vsrd (mV) 

75 

4B 

0.60 

100 

64 

0.45 

150 

96 

0.30 

175 

AF 

0.26 

200 

C8 

0.23 


Error Summary 


Count Compensations 

Charge activity is compensated for temperature and 
state-of-charge before updating the RM and/or DCR. 
Self-discharge estimation is compensated for tempera- 
ture before updating RM or DCR. 

Charge Compensation 

Charge efficiency is compensated for state-of-charge, 
temperature, and battery chemistry. The charge effi- 
ciency is adjusted using the following equations: 

1. )RM = RM * (Q efc - Q et ) 

where RelativeStateOfCharge < FullChargePercentage, 
and Q EFC is the programmed fast-charge efficiency vary- 
ing from 0.75 to 1.0. 

2. )RM = RM * (Q ETC - Q et ) 

where RelativeStateOfCharge > FullChargePercentage 
and Q etc is the programmed maintenance (trickle) 
charge efficiency varying from 0.75 to 1.0. 

Q ET is used to adjust the charge efficiency as the battery 
temperature increases according to the following: 
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Capacity Inaccurate 

The FCC is susceptible to error on initialization or if no 
updates occur. On initialization, the FCC value includes 
the error between the design capacity and the actual ca- 
pacity. This error is present until a qualified discharge 
occurs and FCC is updated (see the DCR description). 
The other cause of FCC error is battery wear-out. As 
the battery ages, the measured capacity must be ad- 
justed to account for changes in actual battery capacity. 
Periodic qualified discharges from full to empty will 
minimize errors in FCC. 

Current-Sensing Error 

Table 3 illustrates the current-sensing error as a function 
of Vsr. A digital filter eliminates charge and discharge 
counts to the RM register when -Vsrd < Vsro < + Vsrd. 

Display 

The bq2945 can directly display capacity information 
using low-power LEDs. The bq2945 displays the battery 
charge state in either absolute or relative mode. In rela- 
tive mode, the battery charge is represented as a per- 
centage of the FCC. Each LED segment represents 20% 
of the FCC. 


4-348 





bq2945 


Table 3. bq2945 Current-Sensing Errors 


Symbol 

Parameter 


Maximum 

Units 

Notes 

Vos 

Offset referred to Vsr 

± 75 

± 150 


DISP = Vcc. 

INL 

Integrated non-linearity 
error 

± 1 

± 4 

% 

Add 0.1% per °C above or below 25°C 
and 1% per volt above or below 4.25V. 

INR 

Integrated non- 
repeatability error 

± 0.5 

± 1 

% 

Measurement repeatability given 
similar operating conditions. 


In absolute mode, each segment represents a fixed 
amount of charge, 20% of the DesignCapacity. As the 
battery wears out over time, it is possible for the FCC to 
be below the design capacity. In this case, all of the 
LEDs may not turn on in absolute mode, representing 
the reduction in the actual battery capacity. 

When DISP is tie d to Vcc, the LED 1-5 outputs are inac- 
tive. When DISP is left floating, the display becomes ac- 
tive whenever the bq2945 detects a charge rate of 
100 mA or more. When pulled low, the segment outputs 
become active i mmedi ately for a period of approximately 
4 seconds. The DISP pin must be returned to float or 
Vcc to reactivate the display. 

LEDi blinks at a 4Hz rate whenever Vsb has been de- 
tected to be below EDV1 (EDV1 = 1), indicating a low- 
battery condition. Vsb below EDVF (EDVF = 1 ) disables 
the display output. 

Microregulator 

The bq2945 can operate directly from three nickel chem- 
istry cells. To facilitate the power supply requirements 
of the bq2945, an REF output is provided to regulate an 
external low-threshold n-FET. A micropower source for 
the bq2945 can be inexpensively built using a 2N7002 or 
BSS138 FET and an external resistor. (See Figure 1.) 
The value of Rll depends on the battery pack’s nominal 
voltage. 


Communicating with the bq2945 

The bq2945 includes a simple two-pin (SMBC and 
SMBD) bi-directional serial data interface. A host proc- 
essor uses the interface to access various bq2945 regis- 
ters; see Table 4. This method allows battery character- 
istics to be monitored easily. The open-drain SMBD and 
SMBC pins on the bq2945 are pulled up by the host sys- 
tem, or may be connected to Vss, if the serial interface is 
not used. 

The interface uses a command-based protocol, where the 
host processor sends the battery address and an eight- 
bit command byte to the bq2945. The command directs 
the bq2945 to either store the next data received to a 
register specified by the command byte or output the 
data specified by the command byte. 

bq2945 Data Protocols 

The host system, acting in the role of a Bus master, uses 
the read word and write word protocols to communicate 
integer data with the bq2945. (See Figure 3.) 

Host-to-bq2945 Message Protocol 

The Bus Host communicates with the bq2945 using one 
of three protocols: 

■ Read word 

■ Write word 

■ Read block 

The particular protocol used is a function of the com- 
mand. The protocols used are shown in Figure 3. 

Host-to-bq2945 Messages (see Table 4) 

ManufacturerAccess() (0x00) 

This function is used to control CPi and CP 2 . (See Table 
7.) 
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Figure 3. Host Communication Protocols 


RemainingCapacityAlarm() (0x01) 

This function sets or returns the low-capacity alarm 
value. When RM falls below the RemainingCapac- 
ityAlarm value initialized from the external EE- 
PROM, the Remaining_Capacity_Alarm bit is set in 
Battery Status. The system may alter this alarm dur- 
ing operation. 

Input/Output: unsigned integer. This sets/returns 
the value where the Remaining_Capacity_Alarm 
bit is set in Battery Status. 

Units: mAh 

Range: 0 to 65,535mAh 

RemainingTimeAlarm() (0x02) 

This function sets or returns the low remaining time 
alarm value. When the AverageTimeToEmpty falls be- 
low this value, the Remaining_Time_Alarm bit in Bat- 
teryStatus is set. The default value for this register is 
programmed in EE 0x02-0x03. The system may alter 
this alarm during operation. 

Input/Output: unsigned integer. This sets/returns 
the value where the Remaining_Time_Alarm bit is 
set in Battery Status. 

Units: minutes 

Range: 0 to 65,535 minutes 
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BatteryMode() (0x03) 

This read/write word selects the various battery opera- 
tional modes. The bq2945 supports the battery capacity 
information specified in mAh. This function also deter- 
mines whether the bq2945 charging values are broad- 
casted to the Smart Battery Charger address. 

Writing bit 14 to 1 disables voltage and current Master 
Mode broadcasts to the Smart Battery Charger. Bit 14 is 
automatically reset to 0 if SMBC and SMBD = 0 for 
greater than 2 seconds (i.e. pack removal). 

Writing bit 13 to 1 disables all Master Mode broadcasts 
including alarm messages to the Smart Battery Charger 
and Host. The bit remains set until overwritten. Pro- 
gramming bit 3 of FLAGS2 in the EEPROM (EE0x3f) 
initializes this bit to a 1. 

Bit 7 is the condition request flag. It is set when the 
bq2945 is initialized from the EEPROM and reset when 
a learning cycle has been completed. It is also set to a 1 
if CycleCount increases by 32 without a new learning 
cycle. 

AtRate() (0x04) 

This read/write word is the first half of a two-function 
set used to set the AtRate value used in calculations 
made by the AtRateTimeToFull and AtRateTime- 
ToEmpty. 

■ When the AtRate value is positive, the 

AtRateTimeToFull function returns the predicted 
time to full-charge at the AtRate value of charge. 
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Table 4. bq2945 Register Functions 


Function 

Code 

Access 

Units 

Defaults 1 

ManufacturerAccess 

0x00 

read/write 

- 

- 

Remaning_Capacity_Alarm 

0x01 

read/write 

mAh 

E 2 

Remaining_Time_Alarm 

0x02 

read/write 

minutes 

E 2 

BatteryMode 

0x03 

read/write 

bit flag 

- 

AtRate 

0x04 

read/write 

mA 

- 

AtRateTimeToFull 

0x05 

read 

minutes 

- 

AtRateTimeToEmpty 

0x06 

read 

minutes 

- 

AtRateOK 

0x07 

read 

Boolean 

- 

Temperature 

0x08 

read 

0.1°K 

2930 

Voltage 

0x09 

read 

mV 

E 2 

Current 

0x0a 

read 

mA 

0 

AverageCurrent 

0x0b 

read 

mA 

0 

MaxError 

0x0c 

read 

percent 

100 

RelativeStateOfCharge 

OxOd 

read 

percent 

- 

AbsoluteStateOfCharge 

OxOe 

read 

percent 

- 

RemainingCapacity 

0x0f 

read 

mAh 

E 2 

FullChargeCapacity 

0x10 

read 

mAh 

E 2 

RunTimeToEmpty 

0x11 

read 

minutes 

- 

AverageTimeToEmpty 

0x12 

read 

minutes 

- 

AverageTimeToFull 

0x13 

read 

minutes 

- 

ChargingCurrent 

0x14 

read 

mA 

E 2 

ChargingVoltage 

0x15 

read 

mV 

E 2 

Battery Status 

0x16 

read 

bit flags 

E 2 

CycleCount 

0x17 

read 

cycle 

E 2 

DesignCapacity 

0x18 

read 

mAh 

E 2 

DesignVoltage 

0x19 

read 

mV 

E 2 

Specification Info 

Oxla 

read 

- 

E 2 

ManufactureDate 

Oxlb 

read 

- 

E 2 

SerialNumber 

Oxlc 

read 

integer 

E 2 

Reserved 

Oxld - Oxlf 

- 

- 

- 

ManufacturerN ame 

0x20 

read 

string 

E 2 

DeviceName 

0x21 

read 

string 

E 2 


Note: 1. Defaults after reset or power-up. 
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Table 4. bq2945 Register Functions (Continued) 


Function 

Code 

Access 

Units 

Defaults 1 

DeviceChemistry 

0x22 

read 

string 

E 2 

ManufacturerData 

0x23 

read 

string 

E 2 

FLAG1 and FLAG2 

0x2f 

read 

bit flags 

E 2 

End of Discharge Voltage 1 (EDV1) 

0x3e 

read 

- 

E 2 

End of Discharge Voltage Final 
(EDVF) 

0x3f 

read 

- 

E 2 


Note: 1. Defaults after reset or power-up. 
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■ When the AtRate value is negative, the 

AtRateTimeToEmpty function returns the predicted 
operating time at the AtRate value of discharge. 

Input/Output: signed integer. AtRate is positive 
for charge and negative for discharge. 

Units: mA 

Range: -32,768mA to 32,767mA 

AtRateTimeToFull() (0x05) 

This read-only word returns the predicted remaining 
time to fully charge the battery at the AtRate value 
(mA) and is valid only if read immediately after an 
AtRate command. 

Output: unsigned integer. Returns the predicted 
time to full charge. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2 min or better 

Invalid Data Indication: 65,535 indicates that the 
AtRate value is negative. 

AtRateTimeToEmpty() (0x06) 

This read-only word returns the predicted remaining op- 
erating time if the battery is discharged at the AtRate 
value and is valid only if read immediately after an 
AtRate command. 

Output: unsigned integer. Returns the predicted 
time to empty. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid Data Indication: 65,535 indicates that the 
AtRate value is not negative. 

AtRateOK() (0x07) 

This read-only word returns a Boolean value that indi- 
cates whether or not the EDVF flag has been set. 

Boolean: Indicates if the battery can supply addi- 
tional energy. 

Units: Boolean 

Range: TRUE * 0, FALSE = 0 

Temperature() (0x08) 

This read-only word returns the cell-pack's internal 
temperature. 


Output: unsigned integer. Returns the cell tem- 
perature in tenths of degrees Kelvin increments. 

Units: 0.1°K 

Range: 0 to +500. 0°K 

Granularity: 0.5°K or better 

Accuracy: ± 3 °K after calibration 

Voltage() (0x09) 

This read-only word returns the cell-pack voltage (mV). 

Output: unsigned integer. Returns the battery ter- 
minal voltage in mV. 

Units: mV 

Range: 0 to 65,535mV 

Granularity: 0.2% of DesignVoltage 

Accuracy: ± 1% of DesignVoltage after calibration 

Current() (0x0a) 

This read-only word returns the current through the 
battery's terminals (mA). 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767mA for charge or 0 to 
-32,768mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 
Accuracy: ± 1% of the DesignCapacity after calibration 

AverageCurrent() (0x0b) 

This read-only word returns a rolling average of the cur- 
rent through the battery's terminals. The AverageCur- 
rent function returns meaningful values after the bat- 
tery's first minute of operation. 

Output: signed integer. Returns the charge/dis- 
charge rate in mA, where positive is for charge 
and negative is for discharge 

Units: mA 

Range: 0 to 32,767mA for charge or 0 to 
-32,768mA for discharge 

Granularity: 0.2% of the DesignCapacity or better 

Accuracy: ±1% of the DesignCapacity after cali- 
bration 
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MaxError() (OxOc) 

Returns the expected margin of error (%) in the state of 
charge calculation. 

Output: unsigned integer. Returns the percent un- 
certainty for selected information. 

Units: % 

Range: 0 to 100% 

RelativeStateOfCharge() (OxOd) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of FullChar- 
geCapacity (%). RelativeStateOfCharge is only 
valid for battery capacities more than 1504mAh 
and less than 10,400mAh. 

Output: unsigned integer. Returns the percent of re- 
maining capacity. 

Units: % 

Range: 0 to 100% 

Granularity: 1% 

Accuracy: ±MaxError after circuit and capacity 
calibration 

AbsoluteStateOfCharge() (OxOe) 

This read-only word returns the predicted remaining 
battery capacity expressed as a percentage of DesignCa- 
pacity (%). Note that AbsoluteStateOfCharge can return 
values greater than 100%. Absolute StateOfCharge 
is only valid for battery capacities more than 
1504mAh and less than 10,400mAh. 

Output: unsigned integer. Returns the percent of 
remaining capacity. 

Units: % 

Range: 0 to 65,535% 

Granularity: 1% 

Accuracy: ±MaxError after circuit and capacity 
calibration 

RemainingCapacityO (OxOf) 

This read-only word returns the predicted remaining 
battery capacity. The RemainingCapacity value is ex- 
pressed in mAh. 

Output: unsigned integer. Returns the estimated re- 
maining capacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 
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Granularity: 0.2% of DesignCapacity or better 

Accuracy: ±MaxError * FCC after circuit and ca- 
pacity calibration 

FullChargeCapacityO (0x10) 

This read-only word returns the predicted pack capacity 
when it is fully charged. FullChargeCapacity defaults 
to the value programmed in the external EEPROM until 
a new pack capacity is learned. The new FCC is stored 
to EEPROM within 400ms of a valid charge after a 
qualified discharge. 

Output: unsigned integer. Returns the estimated full 
charge capacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 

Granularity: 0.2% of DesignCapacity or better 

Accuracy: ±MaxError * FCC after circuit and ca- 
pacity calibration 

RunTimeToEmptyO (0x11) 

This read-only word returns the predicted remaining 
battery life at the present rate of discharge (minutes). 
The RunTimeToEmpty value is calculated based on 
Current. 

Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery is 
not being discharged. 

AverageTimeToEmpty() (0x12) 

This read-only word returns the predicted remaining 
battery life at the present average discharge rate (min- 
utes). The AverageTimeToEmpty is calculated based on 
AverageCurrent. 

Output: unsigned integer. Returns the minutes of 
operation left. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery 
is not being discharged. 
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AverageTimeToFull() (0x13) 

This read-only word returns the predicted time until the 
Smart Battery reaches full charge at the present aver- 
age charge rate (minutes). 

Output: unsigned integer. Returns the remaining 
time in minutes to full. 

Units: minutes 

Range: 0 to 65,534min 

Granularity: 2min or better 

Invalid data indication: 65,535 indicates battery 
is not being charged. 

ChargingCurrent() (0x14) 

If enabled, the bq2945 sends the desired charging rate in 
m A to the Smart Battery Charger. 

Output: unsigned integer. Transmits/retums the 
maximum charger output current in mA. 

Units: mA 

Range: 0 to 65,534mA 

Granularity: 0.2% of the design capacity or better 


Table 5. Status Register 


Alarm Bits 

0x8000 

Over_Charged_Alarm 

0x4000 

Terminate_Charge_Alarm 

0x2000 

Reserved 

0x1000 

Over_Temp_Alarm 

0x0800 

Terminate_Discharge_Alarm 

0x0400 

Reserved 

0x0200 

Remaining_Capacity_Alarm 

0x0100 

Remaining_Time_Alarm 

Status Bits 

0x0080 

Initialized 

0x0040 

Discharging 

0x0020 

Fully_Charged 

0x0010 

Fully_Discharged 

Error Code 

0x0000- 

OxOOOf 

Reserved for error codes 


Invalid data indication: 65,535 indicates that the 
Smart Charger should operate as a voltage source 
outside its maximum regulated current range. 

ChargingVoltage() (0x15) 

If enabled, the bq2945 sends the desired voltage in mV 
to the Smart Battery Charger. 

Output: unsigned integer. Transmits/returns the 
charger voltage output in mV. 

Units: mV 

Range: 0to65,534mV 

Granularity: 0.2% of the DesignVoltage or better 

Invalid data indication: 65,535 indicates that the 
Smart Battery Charger should operate as a cur- 
rent source outside its maximum regulated volt- 
age range. 

BatteryStatus() (0x16) 

This read-only word returns the battery status word. 

Output: unsigned integer. Returns the status reg- 
ister with alarm conditions bitmapped as shown in 
Table 5. 

Some of the BatteryStatus flags (Remaining_Capac- 
ity_Alarm and Remaining_Time_Alarm) are calculated 
based on current. See Table 8 and 9 for definitions. 

CycleCount() (0x17) 

This read-only word returns the number of charge/dis- 
charge cycles the battery has experienced. A charge/dis- 
charge cycle starts from a base value equivalent to the 
battery's state-of-charge on completion of a charge cycle. 
The bq2945 increments the cycle counter during the cur- 
rent charge cycle if the battery has been discharged 15% 
below the state-of-charge at the end of the last charge cy- 
cle. This prevents false reporting of small charge/discharge 
cycles. The cycle count is stored in EEPROM within 
400ms of an update. 

Output: unsigned integer. Returns the count of 
charge/discharge cycles the battery has 
experienced. 

Units: cycles 

Range: 0 to 65,535 cycles; 65,535 indicates battery 
has experienced 65,535 or more cycles. 

Granularity: 1 cycle 

DesignCapacity() (0x1 8) 

This read-only word returns the theoretical capacity of a 
new pack. The DesignCapacity value is expressed in 
mAh at the nominal discharge rate. 
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Table 6. Bit Descriptions for FLAGS1 and FLAGS2 



(MSB) 7 

6 

5 

4 

3 

2 

1 

0 (LSB) 

FLAGS2 

DMODE 

CP2 DI 

CHM 

CC 

- 

OV 

LTF 

OC 

FLAGS 1 

- 

- 

VQ 

i 

VDQ 

SEDV 

EDV1 

EDVF 


Note: - = Reserved 


Output: unsigned integer. Returns the battery ca- 
pacity in mAh. 

Units: mAh 

Range: 0 to 65,535mAh 

Design Voltage() (0x1 9) 

This read-only word returns the theoretical voltage of 
a new pack in mV. 

Output: unsigned integer. Returns the battery's 
normal terminal voltage in mV. 

Units: mV 

Range: 0 to 65,535mV 

Specification lnfo() (0x1 a) 

This read-only word returns the specification re- 
vision the bq2945 supports. 

ManufactureDate() (0x1 b) 

This read-only word returns the date the cell was manu- 
factured in a packed integer word. The date is packed 
as follows: (year - 1980) * 512 + month * 32 + day. 


Field 

Bits 

Used 

Format 

Allowable Value 

Day 

0-4 

5-bit binary 
value 

1-31 (corresponds to 
date) 

Month 

5-8 

4-bit binary 
value 

1-12 (corresponds to 
month number) 

Year 

9-15 

7-bit binary 
value 

0 * 127 (corresponds 
to year biased by 

1980) 


SerialNumber() (0x1 c) 

This read-only word returns a serial number. This 
number, when combined with the ManufacturerName, 
the DeviceName, and the ManufactureDate, uniquely 
identifies the battery. 


ManufacturerNameO (0x20) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 11. The character string con- 
tains the battery manufacturer's name. For example, 
“Unitrode” identifies the battery pack manufacturer as 
Unitrode. 

Output: string or ASCII character string 

DeviceName() (0x21) 

This read-only string returns a character string where the 
first byte is the number of characters available. The maxi- 
mum number of characters is 7. The 7-byte character string 
contains the battery's name. For example, a DeviceName of 
“bq2945” indicates that the battery is a model bq2945. 

Output: string or ASCII character string 

DeviceChemistry() (0x22) 

This read-only string returns a character string where 
the first byte is the number of characters available. The 
maximum number of characters is 5. The 5-byte charac- 
ter string contains the battery's chemistry. For example, 
if the DeviceChemistry function returns “NiMH,” the 
battery pack contains nickel-metal hydride cells. 

Output: string or ASCII character string 

ManufacturerData() (0x23) 

This read-only string allows access to an up to 5-byte 
manufacturer data string. 

Output: block data — data whose meaning is as- 
signed by the Smart Battery's manufacturer. 

End of Discharge Voltagel (0x3e) 

This read-only word returns the first end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. 
Returns battery end-of-discharge voltage pro- 
grammed in EEPROM in mV. 


Output: unsigned integer 
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End of Discharge VoltageF (0x3f) 

This read-only word returns the final end-of-discharge 
voltage programmed for the pack. 

Output: two’s complemented unsigned integer. 
Returns battery final end-of-discharge voltage pro- 
grammed in EEPROM in mV. 

FLAGS1 &2() (0x2f) 

This read-only register returns an unsigned integer rep- 
resenting the internal status registers of the bq2945. 
The MSB represents FLAGS2, and the LSB represents 
FLAGS 1. See Table 6 for the bit description for FLAGS 1 
and FLAGS2. 

FLAGS2 

The Display Mode flag (DMODE), bit 7 determines 
whether the bq2945 displays Relative or Absolute capac- 
ity 


The DMODE values are: 


FLAGS2 Bits 

7 6 5 

4 1 3 1 2 

1 ° 

DMODE - 

- 

- 

- 


Where DMODE is: 

0 Selects Absolute display 

1 Selects Relative display 


Bit 6 reflects the high/low state of CP2. 


FLAGS2 Bits 

7 6 

5 

4 

3 ! 

2 

1 

0 

CP2DI 

- 

- 

- 

- 

- 

- 


The Chemistry flag (CHM), bit 5, selects Li-Ion or nickel 
compensation factors. 

The CHM values are: 


FLAGS2 Bits 

7 

6 

5 

4 3 

2 1 

0 

- 

- 

CHM 

- 

- 

- 


Where CHM is: 

0 Selects Nickel 

1 Selects Li-Ion 


Bit 4, the Charge Control flag (CC), determines whether 
a bq2945-based charge termination will set RM to a 
user-defined programmable full charge capacity. 


The CC values are: 


FLAGS2 Bits 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

CC 

- 

- 

- 

- 


Where CC is: 

0 RM is not modified on valid bq2945 
charge termination 

1 RM is set to a programmable percentage of 
the FCC when a valid bq2945 charge termi- 
nation occurs 

Bit 3 is reserved. 

Bit 2, the Overvoltage flag (OV), is set when the bq2945 
detects a pack voltage 5% greater than the programmed 
charging voltage. This bit is cleared when the pack volt- 
age falls 5% below the programmed charging voltage. 


The OV values are: 


FLAGS2 Bits 

7 

6 1 

5 4 3 


1 

0 

- 

- J 

- 

OV 1 

- 



Where OV is: 

0 Voltage < 1.05 * ChargingVoltage 

1 Voltage > 1.05 * ChargingVoltage 

Bit 1, the Low Temperature Fault flag (LTF), is set when 
temperature < 0°C and cleared when temperature > 
5°C. 

The LTF values are: 


FLAGS2 Bits 

7 

6 

5 

4 1 3 

2 1 1 1 0 


- 

- 

- 

LTF 

- 


Where LTF is: 

0 Temperature > 5°C 

1 Temperature < 0°C 

Bit 0, the Overcurrent flag (OC), is set when the average 
current is 25% greater than the programmed charging 
current. If the charging current is programmed less than 
1024mA, overcurrent is set if the average current is 
256mA greater than the programmed charging current. 
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This flag is cleared when the average current falls below 
256mA. 


The OC values are: 


FLAGS2 Bits 

7 

6 

5 

4 

3 

2 

1 1 0 

- 


- 



• - 

- 

OC 


Where OC is: 

0 AverageCurrent is less than 1.25 * Charg- 
ingCurrent or less than 256mA if charging 
current is programmed less than 1024mA 

1 AverageCurrent exceeds 1.25 * Charg- 
ingCurrent or 256mA if the charging cur- 
rent is programmed less than 1024mA. 

This bit is cleared if average current < 

256mA. 

FLAGS1 

Bits 7 and 6 are reserved. 

The Valid Charge flag (VQ), bit 5, is set when Vsro ^ 
| Vsrd | and lOmAh of charge has accumulated. This bit 
is cleared during a discharge and when Vsro ^ | Vsrd | . 


The VQ values are: 


FLAGS1 Bits 

7 1 6 

5 

4 

3 1 2 

1 

0 

- I VQ 

- 

- 

- 

- 


Where VQ is: 

0 Vsro < | Vsrd | 

1 Vsro ^ | Vsrd | and lOmAh of charge has 
accumulated 

Bit 4 is reserved. 

The Valid Discharge flag (VDQ), bit 3, is set when a 
valid discharge is occurring (discharge cycle valid for 
learning new full charge capacity) and cleared if a par- 
tial charge is detected, EDV1 is asserted when T < 0°C, 
or self-discharge accounts for more than 256mAh of the 
discharge. 

The VDQ values are: 


FLAGS1 Bits 

7 

6 

5 

i 4 

3 

2 

1 

0 

- 

- 

- 

: - 

VDQ 

- 

- 

- 


0 Self-discharge is greater than 256mAh, 

EDV1 = 1 when T < 0°C or VQ = 1 

1 On first discharge after RM=FCC 

The Stop EDV flag (SEDV), bit 2, is set when the dis- 
charge current > 6.15A and cleared when the discharge 
current falls below 6.15A. 

The SEDV values are: 


FLAGS1 Bits 

7 

6 

5 

4 3 2 

1 

0 

- 

- 

- 

- ! - SEDV 

- 

" 


Where SEDV is: 

0 Current < 6.15A 

1 Current > 6.15A 

The First End-of -Discharge Voltage flag (EDV1), bit 1, is 
set when Voltage < EDV1 and SEDV = 0 and cleared 
when VQ = 1 and Voltage > EDV1. 

The EDV1 values are: 


FLAGS1 Bits 

7 

6 

5 

432 

1 

0 

- 

- 

- 

- - - 

EDV1 

- 


Where EDV1 is: 

0 VQ = 1 and Voltage > EDV1 

1 Voltage < EDV1 and SEDV = 0 

The Final End-of-Discharge Voltage flag (EDVF), bit 0, 
is set when Voltage < EDVF and SEDV = 0 and cleared 
when VQ = 1 and Voltage > EDVF. 

The EDVF values are: 


FLAGS1 Bits 

7 

6 

5 

4 3 

2 

1 

0 

- 

- 

- 

- 

- 

- 

EDVF 


Where EDVF is: 

0 VQ = 1 and Voltage > EDVF 

1 Voltage < EDVF and SEDV = 0 

Error Codes and Status Bits 

Error codes and status bits are listed in Table 8 and Ta- 
ble 9, respectively. 


Where VDQ is: 
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Control Pins 1 and 2 (CPi, CP 2 ) 

CPi and CP 2 are open drain outputs that are controlled 
by host command. Since they are under the control of 
the host, their use can be defined by the pack designer. 
Some uses for these pins are charger control, control of 
current path (charge FET, discharge FET, or fuse), or 
special LED function. CPi and CP 2 are controlled by the 
host writing a command to the battery’s Manufactur- 
erAccess slave function. Table 7 describes the com- 
mands that are available to control CPi and CP 2 . 

The CP 2 can also act as a digital input. The logical 
status can be monitored in bit 6 of the FLAGS2 register. 


Table 7. ManufactureAccess Commands 


Programming the bq2945 

The bq2945 requires the proper programming of an ex- 
ternal EEPROM for proper device operation. Each mod- 
ule can be calibrated for the greatest accuracy, or gen- 
eral “default” values can be used. An EV2200-45 pro- 
gramming kit (interface board, software, and cable) for 
an IBM-compatible PC is available from Unitrode. 

The bq2945 uses a 24LC01 or equivalent serial EE- 
PROM (capable of read operation to 2.0V) for storing the ^ 
various initial values, calibration data, and string infor- 
mation. Table 1 outlines the parameters and addresses 
for this information. Tables 10 and 11 detail the various 
register contents and show an example program value 
for an 2400mAh 4-series Li-Ion battery pack, using a 
50mO sense resistor. 


CMD (0x00) = 

Action 

0x0505 

CPi set to hi-Z 

0x05 lb 

CPi set low 

0x0536 

CP 2 set to hi-Z 

0x054e 

CP 2 set low 

0x0563 

CPi and CP 2 set to hi-Z 

0x057d 

CPi and CP 2 set low 


SBD Seal 

The bq2945 address space can be “locked” to enforce the 
SBS specified access to each command code. To lock the 
address space, the bq2945 must be initialized with EE 
0x3d set to OOh. Once this is done, only commands 
0x00-0x04 may be written. Attempting to write to any 
other address will cause a “no acknowledge” of the data. 
Reading will only be permitted from the command codes 
listed in the SBD specification plus the five locations 
designated as optional manufacturing functions 1 — 5 
(0x2f, 0x3c — 0x3f). 
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Table 8. Error Codes (BatteryStatusQ (0x16)) 


Error 

Code 

Access 

Description 

OK 

0x0000 

read/write 

bq2945 processed the function code without detecting any errors. 

Busy 

0x0001 

read/write 

bq2945 is unable to process the function code at this time. 

ReservedCommand 

0x0002 

read/write 

bq2945 cannot read or write the data at this time — try again 
later. 

UnsupportedCommand 

0x0003 

read/write 

bq2945 does not support the requested function code. 

AccessDenied 

0x0004 

write 

bq2945 detected an attempt to write to a read-only function 
code. 

Overflow/Underflow 

0x0005 

read/write 

bq2945 detected a data overflow or underflow. 

BadSize 

0x0006 

write 

bq2945 detected an attempt to write to a function code with an 
incorrect size data block. 

UnknownError 

0x0007 

read/write 

bq2945 detected an unidentifiable error. 


Note: Reading the bq2945 after an error clears the error code. 
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Table 9. BatteryStatus Bits 


Alarm Bits 

Bit Name 

Set When: 

Reset When: 

OVER_CHARGED_ALARM 

The bq2945 detects a AT/At or cur- 
rent taper termination. (Note: 

AT/At and current taper are valid 
charge terminations.) 

A discharge occurs or when the 

AT/At or current taper termination 
condition ceases during charge. 

TERMINATE_CHARGE_ALARM 

The bq2945 detects an over-current, 
over-voltage, over-temperature, 

AT/At, or current taper condition 
during charge. 

A discharge occurs or when all condi- 
tions causing the event cease. 

OVER_TEMP_ALARM 

The bq2945 detects that its internal 
temperature is greater than the pro- 
grammed value. 

Internal temperature falls below 

50°C. 

TERMINATE_DISCHARGE_ALARM 

The bq2945 determines that it has 
supplied all the charge that it can 
without being damaged (Voltage < 
EDVF). 

Voltage > EDVF signifies that the 
battery has reached a state of charge 
sufficient for it to once again safely 
supply power. 

REMAININ G_C APACITY_ALARM 

The bq2945 detects that the Remain- 
ingCapacity is less than that set by 
the RemainingCapacity Alarm func- 
tion. 

Either the value set by the Remain- 
ingCapacityAlarm function is lower 
than the Remaining Capacity or the 
RemainingCapacity is increased by 
charging. 

REM AININ G_TIME_AL ARM 

The bq2945 detects that the esti- 
mated remaining time at the present 
discharge rate is less than that set 
by the RemainingTimeAlarm func- 
tion. 

Either the value set by the Remain- 
ingTimeAlarm function is lower than 
the AverageTimeToEmpty or a valid 
charge is detected. 

Status Bits 

Bit Name 

Set When: 

Reset When: 

INITIALIZED 

The bq2945 has completed a “learn” 
cycle. 

Battery detects that power-on or 
user-initiated reset has occurred. 

DISCHARGING 

The bq2945 determines that it is not 
being charged. 

Battery detects that it is being 
charged. 

FULLY_CHARGED 

The bq2945 determines a valid 
charge termination or a maximum 
overcharge state. 

RM discharges below 95% of the full 
charge percentage. 

FULLY_DISCHARGED 

bq2945 determines that it has 
supplied all the charge that it can 
without being damaged. 

RelativeStateOfCharge is greater 
than or equal to 20% 
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Table 10. Example Register Contents 


Description 

EEPROM 

Address 

EEPROM 
Hex Contents 

Example 

Values 

Notes 

Low 

Bvte 

High 

Bvte 

Low 

Bvte 

High 

Bvte 

EEPROM 

length 

0x00 


64 


100 

Must be equal to 0x64. 

EEPROM check 
1 

0x01 


5b 


91 

Must be equal to 0x5b. 

Remaining time 
alarm 

0x02 

0x03 

Oa 

00 

10 minutes 

Sets the low time alarm level. 

Remaining 

capacity 

alarm 

0x04 

0x05 

fO 

00 

240mAh 

Sets the low capacity alarm level. 

Reserved 

0x06 

0x07 

00 

00 

0 

Not currently used by the bq2945. 

Initial charg- 
ing current 

0x08 

0x09 

60 

09 

2400mA 

Sets the initial charge request. 

Charging 

voltage 

0x0a 

0x0b 

d8 

40 

16600mV 

Used to set the fast-charge voltage for the Smart 
Charger. 

Battery status 

0x0c 

OxOd 

80 

00 

128 

Initializes Battery Status. 

Cycle count 

OxOe 

OxOf 

00 

00 

0 

Contains the charge cycle count and can be set to zero 
for a new battery. 

Design 

capacity 

0x10 

Oxll 

60 

09 

2400mAh 

Nominal battery pack capacity. 

Design 

voltage 

0x12 

0x13 

40 

38 

14400mV 

Nominal battery pack voltage. 

Specification 

information 

0x14 

0x15 

10 

00 

1.0 

Default value for this register in a 1.0 part. 

Manufacturer 

date 

0x16 

0x17 

al 

20 

May 1, 1996 
= 8353 

Packed per the ManufactureDate description. 

Serial number 

0x18 

0x19 

12 

27 

10002 

Contains the optional pack serial number. 

Fast-charging 

current 

Oxla 

Ox lb 

60 

09 

2400mA 

Used to set the fast-charge current for the Smart 
Charger. 

Maintenance 

charge 

current 

Oxlc 

Ox Id 

00 

00 

OmA 

Contains the desired maintenance current after fast- 
charge termination by the bq2945. 

Reserved 

Oxle 

Ox If 

00 

00 

0 

Must be programmed to 0x00. 

Current inte- 
gration gain 1 

0x2c 

0x2d 

40 

00 

3.2/0.05 

Represents the following: 3.2/sense resistor in ohms. 

It is used by the bq2945 to scale the measured voltage 
values on the SR pin in mA and mAh. This register 
also compensates for variations in the reported sense 
resistor value. 


Note: 1. Can be adjusted to calibrate the battery pack. 
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Table 10. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 

Hex 

Contents 

Example 

Values 

Notes 

Low 

Byte 

High 

Byte 

Low 

Byte 

High 

Byte 

Reserved 

0x2e 

0x2f 

00 

00 

0 

Not currently used by the bq2945. 

Li-Ion taper 
current 

0x38 

0x39 

10 

ff 

240mA 

Sets the upper taper limit for Li-Ion charge termina- 
tion. Stored in 2’s complement. 

Maximum 

overcharge 

limit 

0x3a 

0x3b 

9c 

ff 

lOOmAh 

Sets the maximum amount of overcharge before a 
maximum overcharge charge suspend occurs. 

Stored in 2’s complement. 

Reserved 

0x3c 


00 


0 

Should be programmed to 0. 

Access protect 

0x3d 


00 


SBD access only 

If the bq2945 is reset and this location is 0, the 
bq2945 locks access to any command outside of the 
SBD data set. Program to 0x08 for full R/W access. 

FLAGS 1 

0x3e 


00 


0 

Initializes FLAGS 1 

FLAGS2 

0x3f 


bO 


Relative display 
Li-Ion chemistry 
bq2945 charge 
control 

Initializes FLAGS2. 

Battery voltage 
offset 1 

0x48 


fe 


-2mV 

Used to adjust the battery voltage offset according to 
the following: 

Voltage = (VsB(mV) + Voff) * Voltage gain 

Temperature 

offset 1 

0x49 


8a 


13.8°C 

The default value (zero adjustment) for the offset is 
12.8°C or 0x80. 

TOFFnew = TOFFcurrent + 

(TEMPactual - TEMPreported)* 10 

Maximum tem- 
perature and 

AT step 

0x4a 


8f 


Maximum 
temperature = 
61.2°C 

AT step = 4.6°C 

Maximum charge temperature is 74 - (mt * 1.6)°C (mt 
= upper nibble). The AT step is (dT * 2 + 16)/10°C 
(dT = lower nibble) 

Charge 

efficiency 

0x4b 


ff 


Maintenance 
compensation = 
100% 

Fast compensa- 
tion = 100% 

Sets the fast-charge (high) and maintenance charge 
(low) efficiencies. The upper nibbles sets the low ef- 
ficiency and the lower nibble adjusts the high effi- 
ciency according to the equation: 

Nibble = (efficiency% * 256 - 196)/4 

Full-charge 

percentage 

0x4c 


9c 


100% 

This packed field is the two’s complement of the de- 
sired value in RM when the bq2945 determines a 
full-charge termination. If RM is below this value, 
RM is set to this value. If RM is above this value, 
then RM is not adjusted. 


Note: 


1. Can be adjusted to calibrate the battery pack. 
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Table 10. Example Register Contents (Continued) 


Description 

EEPROM 

Address 

EEPROM 

Hex 

Contents 

Example 

Values 

Notes 

Low 

Byte 

High 

Byte 

Low 

Byte 

High 

Byte 

Digital filter 

0x4d 


96 


0.30mV 

Used to set the digital magnitude filter as described in 
Table 2. 

Reserved 

0x4e 


00 


0 

Not currently used by the bq2945. 

Self-discharge rate 

0x4f 


2d 


0.25% 

This packed field is the two’s complement of (52.73/x) 
where x is the desired self-discharge rate per day (%) 
at room temperature. 

Voltage gain 1 

0x56 

0x57 

17 

07 

7.09 

Voltage gain is packed as two units. For example, 

(R4 + R5)/R4 = 7.09 would be stored as: whole number 
stored in 0x57 as 7 and the decimal component stored 
in 0x56 as 256 x 0.09 = 23 (= 17h). 

Reserved 

0x58 

0x59 

00 

00 

0 

Should be programmed to 0. 

Current measure- 
ment gain 1 

0x5a 

0x5b 

ee 

02 

750 

The current gain measurement and current integra- 
tion gain are related and defined for the bq2945 cur- 
rent measurement. This word equals 37.5/sense resis- 
tor value in ohms. 

End of discharge 
voltage 1 

0x5c 

0x5d 

20 

dl 

12000mV 

The value programmed is the two’s complement of the 
threshold voltage in mV. 

End of discharge 
voltage final 

0x5e 

0x5f 

40 

d4 

11200mV 

The value programmed is the two’s complement of the 
threshold voltage in mV. 

Full charge 
capacity 

0x60 

0x61 

dO 

07 

2000mA 

This value sets the initial estimated pack capacity. 

At step 

0x62 


ff 


20s 

The At step for AT/At termination equals 20s * the 
two’s complement of the byte value. 

Hold-off time 

0x63 


ft) 


320s hold-off 

The hold-off time is 20s * the two’s complement of the 
byte value. 

EEPROM check 2 

0x64 


b5 


181 

Must be equal to 0xb5. 

Reserved 

0x65 

0x7f 



NA 

Not currently used by the bq2945. 


Note: 1. Can be adjusted to calibrate the battery pack. 
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Table 11. Example Register Contents (String Data) 


String Description 

Address 

Ox 

XO 

Ox 

XI 

Ox 

X2 

Ox 

X3 

Ox 

X4 

Ox 

X5 

Ox 

X6 

Ox 

X7 

Ox 

X8 

Ox 

X9-Xf 

Ox 

xa 

Ox 

xb 

Manufacturer name 

0x20- 

0x2b 

09 

42 

B 

45 

E 

4e 

N 

43 

C 

48 

H 

4d 

M 

41 

A 

52 

R 

51 

Q 

- 

- 

Device name 

0x30- 

0x37 

06 

42 

B 

51 

Q 

32 

2 

39 

9 

34 

4 

35 

5 

- 





Device chemistry 

0x40- 

0x47 

04 

6c 

L 

69 

I 

4f 

0 

4e 

N 

- 







Manufacturer data 

0x50- 

0x55 

05 

42 

B 

51 

Q 

32 

2 

30 

0 

32 

2 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 


All other pins 

Relative to Vss 

-0.3 

+7.0 

V 


REF 

Relative to Vss 

-0.3 

+8.5 

V 

Current limited by R1 (See Figure 1.) 

VSR 

Relative to Vss 

-0.3 

+7.0 

V 

Minimum 100Q series resistor should 
be used to protect SR in case of a 
shorted battery. 

Topr 

Operating tempera- 
ture 

0 

+70 

°C 

Commercial 


Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Voltage Thresholds (ta = topr; v = 3.0 to s.sv) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Evsb 

Battery voltage error relative to SB 

-50mV 

- 

50mV 

V 

See note 


Note: The accuracy of the voltage measurement may be improved by adjusting the battery voltage offset and 

gain, stored in external EEPROM. For best operation, Vcc should be 1.5V greater than Vsb. 
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Recommended DC Operating Conditions (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vcc 

Supply voltage 

3.0 

4.25 

6.5 

V 

Vcc excursion from < 2.0V to > 
3.0V initializes the unit. 

Vref 

Reference at 25 °C 

5.7 

6.0 

6.3 

V 

Iref = 5pA 

Reference at -40°C to +85°C 

4.5 

- 

7.5 

V 

Iref = 5pA 

Rref 

Reference input impedance 

2.0 

5.0 

- 

M Q. 

Vref = 3V 

Icc 

Normal operation 

- 

90 

135 

pA 

Vcc = 3.0V 

- 

120 

180 

pA 

V cc = 4.25V 

- 

170 

250 

pA 

Vcc = 5.5V 

VSB 

Battery input 

0 

- 

Vcc 

V 


RsBmax 

SB input impedance 

10 

- 

- 

M£2 

0 < VsB < Vcc 

Idisp 

DISP input leakage 

- 

- 

5 

M-A 

Vdisp = Vss 

Ilvout 

Vout output leakage 

-0.2 

- 

0.2 

pA 

EEPROM off 

VSR 

Sense resistor input 

-0.3 

- 

2.0 

V 

Vsr < Vss = discharge; 

Vsr > Vss = charge 

Rsr 

SR input impedance 

10 

- 

- 

MQ 

-200mV < Vsr < Vcc 

Vih 

Logic input high 

0.5 * Vcc 

- 

Vcc 

V 

ESCL, ESDA 

1.4 

- 

5.5 

V 

SMBC, SMBD 

VlL 

Logic input low 

0 

- 

0.3 * Vcc 

V 

ESCL, ESDA 

-0.5 


0.6 

V 

SMBC, SMBD 

VOL 

Data, clock output low 

- 

- 

0.4 

V 

I O L=350pA, SMBC, SMBD 

IOL 

Sink current 

100 

- 

350 


Vol<0.4V, SMBC, SMBD 

VoLSL 

LEDx , CPi, CP 2 output low, 
low Vcc 

- 

0.1 

- 

V 

Vcc = 3V,Iols< 1.75mA 
LED 1 -LED 5 , CPi, CP 2 

VOLSH 

LEDx , CPi, CP 2 output low, 
high Vcc 

- 

0.4 

- 

V 

Vcc = 6.5V, Iols ^ 11.0mA 
LED 1 -LED 5 , CPi, CP 2 

VoHVL 

Vout output, low Vcc 

Vcc - 0.3 

- 

- 

V 

Vcc = 3V, Ivout = -5.25mA 

VOHVH 

Vout output, high Vcc 

Vcc - 0.6 

- 

- 

V 

Vcc = 6.5V, Ivout = -33.0mA 

IVOUT 

Vout source current 

-33 

- 

- 

mA 

At Vohvh = Vcc - 0.6V 

IOLS 

LEDx , CPi, CP 2 sink current 

11.0 

- 


mA 

At Volsh = 0.4V 


Note: All voltages relative to Vss- 
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AC Specifications 


Symbol 

Parameter 

Min 

Max 

Units 

Notes 

Fsmb 

SMBus operating frequency 

10 

100 

KHz 


Tbuf 

Bus free time between stop and 
start condition 

4.7 


ps 


ThD:STA 

Hold time after (repeated) start 
condition 

4.0 


ps 


TsU:STA 

Repeated start condition setup time 

4.7 


ps 


TsU:STO 

Stop condition setup time 

4.0 


ps 


ThD:DAT 

Data hold time 

300 


ns 


TsU:DAT 

Data setup time 

250 


ns 


Tlow 

Clock low period 

4.7 


ps 


Thigh 

Clock high period 

4.0 


ps 


Tf 

Clock/Data fall time 


300 

ns 


Tr 

Clock/data rise time 


1000 

ns 


TlOW:SEXT 

Cumulative clock low extend time 
(slave) 


25 

ms 


Ttimeout 


25 

35 

ms 



Bus Timing Data 
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Data Sheet Revision History 


ChangeNo. 

Page No. 

Description of Change 

1 

All 

“Final” changes from “Preliminary” version 

2 

6 

Added Vsb should not exceed 2.4V 

2 

11 

Changed cycle count increase from 30 to 32 for condition request 

2 

14 

Changed AtRateOKO indication from EDV1 to EDVF 

2 

25 

Changed self discharge programming from 52.75/x to 52.73/x 


Notes: Change 1 = June 1998 B changes from Sept. 1997 “Preliminary.” 

Change 2 = June 1999 C changes from June 1998. 



Ordering Information 


bq2945 

Temperature Range: 

blank = Commercial (0 to 70°C) 


Package Option: 

SN = 16-pin narrow SOIC 

— Device: 

bq2945 Gas Gauge IC with SMBus Interface 
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UNITRODE 

PC Interface Board for Gas Gauge 

Evaluation 


Features 

>- Development system for HDQ (bq2013H, bq2018, and 
bq2050H) and SMBus (bq2040, bq2060, bq2092, 
bq2945) gas gauge ICs 

>- Provides interface between intelligent battery and 
Windows-based PC 

>- Connects to the serial communications port of a PC 

>► On screen display and programming of gas gauge 
register functions 

>► Programs EEPROM and calibrates current, 
temperature and voltage in bq2040, bq2092, and 
bq2945 based packs 

General Description 

The EV2200 provides a development and evaluation en- 
vironment for HDQ based and SMBus based gas gauge 
ICs. The EV2200 provides connections for the communi- 
cation lines of an intelligent battery and a serial inter- 
face port of a Windows-based PC. With the EV2200, the 
user can read/write the gas gauge registers of each IC 
and monitor the battery’s status. In the SBS SMBus en- 
vironment, the interface board and software allow the 
battery pack designer to evaluate the function of the 
ICs, calibrate the intelligent battery circuit for current, 
temperature, and voltage measurements, and program 
the external EEPROM. The evaluation system includes 
the interface board, DC power supply, and PC software. 



Please specify the desired software to be included with 
the EV2200 evaluation board as shown below: 


Gas Gauge IC 

Part Number 

bq2013H 

EV2200-13H 

bq2018 

EV2200-18 

bq2040 

EV2200-40 

bq2050H 

EV2200-50H 

bq2060 

EV2200-60 

bq2092 

EV2200-92 

bq2945 

EV2200-45 


9/98 
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u-513 Using the bq2040 


Smart Battery System Gas Gauge 1C 


Introduction 

This document supplements the Smart Battery Systems 
Specifications and the bq2040 data sheet. 

The bq2040 Gas Gauge IC meets the requirements for 
systems incorporating the industry standard Smart 
Battery System bus and data set. It is based on 
Unitrode’s proven technology for accurately monitoring 
battery capacity. 

In this tutorial, “user” is the battery system designer 
who determines the configuration of a pack, not the 
end-user of a system. Terms from the SMB/SBD specifi- 
cations are printed with the first letter of each word 
capitalized as printed in those specifications, while 
configuration and status parameters specific to the 
bq2040 are fully capitalized. 

System Components and 
Operation 

SMB Two-Wire Serial Port 

The SMB serial port meets all DC and AC parameters in 
the SMB 1.0 specification. 

SBD Data Set 

The bq2040 supports the Smart Battery Data Specifica- 
tion 1.0. 

Measurement Subsystems 

Of primary importance in any battery management 
solution are the analog measurement components. The 
parameters that must be measured include battery volt- 
age, battery temperature and battery current. Because 
current-sensing requires the measurement of low-level 
signals with a wide dynamic range, while measuring 
battery voltage and temperature do not, the bq2040 has 
two measurement units. A successive approximation 
A/D is used to measure battery voltage and temperature, 
and a voltage-to-frequency converter is used to measure 
battery current. 

Measuring Voltage and Temperature 

Battery voltage is monitored at the SB input. The pack 
voltage is typically divided down by a resistor divider to 
represent the average single cell voltage of nickel chem- 
1/18 


istry cells or half that of the average lithium-ion chem- 
istry cell. These ratios of division are the most 
common, although not required. The 10-bit A/D at the 
SB input measures voltages between 0 and 2.4V. 

Battery temperature is measured by an internal sensor 
and the 10-bit A/D. In designing the mechanics of a 
battery pack, the proximity of the bq2040 to the cells 
and the thermal characteristics of the packaging must 
be considered. This consideration is most important for 
nickel chemistry applications where AT/At charge termi- 
nation is desired. 

Measuring Current 

Battery current is monitored at the SR input by measur- 
ing the voltage drop across a series sense resistor. The 
most common value for the sense resistor is 0.05 ohms; 
however, the bq2040 can be calibrated to any value 
down to 0.0125 ohms and to well above a practical limit 
of about 0.2 ohms. Accurate capacity monitoring 
requires measuring battery current over a wide dynamic 
range, and since battery systems operate over long time 
periods, small errors can accumulate with time and 
cause the capacity to be reported inaccurately. To 
provide an accurate, cost-effective solution to this prob- 
lem, the bq2040 employs a voltage-to-frequency 
converter (VFC) to monitor the voltage drop across the 
series current sense resistor. VFCs are less conven- 
tional, but they allow the measurement of very small 
signals without the quantization error associated with 
more widely used A/D converters. Also, the input offset 
of the VFC in the bq2040 is typically 50pV, much lower 
than that achievable with most A/D implementations. 

The VFC integrates the voltage at its input and supplies 
a pulse to an internal counter for each 45mVs that has 
been integrated. Because the voltage at the SR input 
represents current, the integral of the voltage repre- 
sents charge and thus the internal counter increments 
with each packet of charge detected. Two pulses are 
available, one for positive inputs on SR and one for 
negative inputs. The counter is incremented for charge 
entering the battery or decremented for charge leaving 
the battery. The relation of current, sense resistance, 
and the period of pulses to the counter within the VFC 
is 

. 0.045 r 1 

ti =- sj 

isR • Rsr l 

Measurements performed with a VFC are inherently 
average values rather than instantaneous values. This 
is an advantage for applications such as capacity moni- 
toring because the input is sampled nearly continuously. 
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Alternatively, an A/D which typically samples its input 
briefly at relatively infrequent intervals can miss signifi- 
cant but short duration current drain events, such as 
spinning up a hard drive or turning on a fan. 

The use of a VFC optimizes the accuracy of charge and 
discharge measurement, the prime objective of the Gas 
Gauge IC. It is also dynamically balanced to enhance 
the charge measurement accuracy Current flow in and 
out of the battery may be calculated from the rate of 
charge accumulation, but is typically a noisy measure- 
ment since it is a derivative of the charge accumulation 
measurement. The current calculation is averaged to 
achieve a more stable reported value. The resulting 
delay and granularity in reported current do not indi- 
cate inaccurate capacity reporting. An implementation 
optimized for very accurate and smoothed current indi- 
cation, with correspondingly less capacity-gauging accu- 
racy, may not meet the user’s need for accurate capacity 
gauging. 

The current reported in Current (0x0a) is the average of 
the current over the previous 20 seconds. The current 
reported in AverageCurrent (0x0b) is the average of the 
current over the previous 60 seconds. The reported Aver- 
ageCurrent is updated every 20 seconds. The granular- 
ity in current reporting may be determined by use of the 
above formula for both the 20-second and 60-second 
average current values. Current is reported as zero if it 
is less than this minimum granularity value (15mA 
average current with a .05 ohm sense resistor). 

Even with reported currents of zero, the capacity gauge 
continues to measure charge and discharge of the 
battery accurately as long as the current develops more 
voltage across the sense resistor than the digital filter 
threshold (5mA minimum with .05 ohm sense resistor 
and 250pV digital filter threshold). The current 
reported by Current (0x0a) and AverageCurrent (0x0b) 
may be calibrated by adjustment of the IRES60 
current-measurement gain factor to account for varia- 
tions in the effective sense resistor value from unit to 
unit. The maximum reported current flow is limited to 
the value that drops 285mV across the sense resistor. 

Capacity Monitoring 

Minimum Measurable Current Flow 

Systems expected to measure very small signals must 
establish a minimum signal level. The minimum signal 
level should be larger than the errors due to circuit 
offsets or noise. In the case of capacity monitoring this 
insures that the capacity counter does not increment or 
decrement while there is no current flowing. In the 
bq2040 a user-settable filter sets this minimum level 
and disallows changes to capacity from signal levels 
below the digital filter. Every bq2040 is tested to 150pV 
input offset of the SR pin, although typically the offset is 
50pV. SR input offset is greatly affected by the printed 


circuit board layout and bypass capacitor selection. A 
digital filter cutoff value of 250pV is usually recom- 
mended but may be adjusted for individual designs. A 
bq2040 and PCB layout with an offset of lOOpV and a 
digital filter of 250ji.V with a 0.1 ohm sense resistor 
translates to minimum measurable current of 3.5mA 
with 1mA of absolute error. 


The value of charge accumulated during battery charging 
is adjusted for battery charge efficiency. Charge compen- 
sation is determined using a two-segment piece-wise 
linear model. The two segments are divided at the point 
where the cells are considered full for fast-charge 
purposes, such as the point that a AT/At termination 
occurs. This point is user selected, and referred to as 
full-charge percentage or FULPCT. If RelativeS- 
tateofCharge (OxOd) is below FULPCT, charging occurs at 
the high efficiency rate (HEFF), and above this point 
charging is counted at the low efficiency rate (LEFF). 
The LEFF and HEFF charge efficiency factors are used 
whether CHM is a 1 or 0. The charge efficiencies are 
generally programmed for 100% charge efficiency for 
lithium-ion batteries. The charge efficiency is also modi- 
fied by temperature, but only if CHM=0. If CHM=0, both 
LEFF and HEFF are decreased by 2 percentage points 
for temperatures between 30°C and 40°C, and by 5 
percentage points for temperatures above 40°C. 


There is no compensation during discharge. The 
coulomb counter is decremented by the value of 
DELCAP for each charge packet detected with a nega- 
tive signal on SR. DELCAP is a programmable value 
and is normally calibrated to account for variation in 
effective sense-resistor values from unit to unit to 
achieve optimal accuracy. 


The bq2040 also estimates self-discharge of the cells. 
The user selects the estimated rate for the range 
20-30°C and the capacity is decreased by that rate each 
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Self-Discharge 


Coulomb Counting 

The internal counter mentioned earlier is a 24-bit 
counter whose unit count value is (l/256)mAh. The . 
upper 16-bits of the counter are displayed as the SBD ' * 

Function RemainingCapacity(OxOf) (RM). Each charge 
packet detected increments or decrements the 24-bit ^ | 
coulomb counter by an amount calculated from the \ -} 

current polarity, sense-resistor value, battery charge effi- 
ciency and the measured battery temperature. The base 
mAh value of the packets are programmed in the 
parameter called current integration gain, or DELCAP, 
which has the units of (l/256)mAh. This configuration 
parameter scales the charge packets to the sense-resistor. 

The base value for a 0.05 ohm sense-resistor is 0.25mAh. 

Charge Compensation 


Discharge Compensation 
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day. For each ten degrees above the 20-30°C range the 
rate doubles (up to a maximum 70-80°C range) and for 
each 10 degrees below the 20-30°C range, the rate 
halves (down to a minimum 0-10°C range). Self- 
discharge estimation is made by reducing Nominal 
Available Capacity (NAC), and consequently Remaining- 
Capacity (OxOf), by l/256 tJl of its present value. 

The self-discharge estimation is varied by adjusting the 
time interval between self-discharge estimation adjust- 
ments. At 25°C, the self-discharge estimation is made 
every Sdtime with a corresponding Sdest per day. These 
values are related to the programmed SDRATE at 25°C 
as follows: 


Sdtime = 640 x 2's[*SDi?ATE][s] 


Sdest = 


13500 

256x2 's[SDRATE] 


[%day] 


Self-discharge estimation is not done unless Discharging 
flag in BatteryStatus is set. No self-discharge estimation 
is done while charging. 

Calibration Cycles 

To keep the capacity counter accurate and adjust the full 
capacity register to changes in capacity over the life of 
the battery, calibration or learning cycles are required 
from time to time. A calibration cycle consists of a valid 
discharge from full to empty. The full condition is 
defined as RemainingCapacity (OxOf) (RM) equal to Full- 
ChargeCapacity (0x10) (FCC). The empty condition is 
defined as reaching a programmable First End of 
Discharge Voltage (EDV1) threshold. The RelativeS- 
tateofCharge(OxOd) value associated with this voltage is 
also a programmable value. 

If the battery is used in an application where it very 
seldom is empty, the use of a higher EDV1 threshold 
associated with a non-zero remaining capacity allows 
the battery to go through a calibration cycle more often 
during normal use. If the battery is discharged until the 
battery voltage drops below the EDV1 threshold, RM is 
written down to the programmed EDV1 Battery Low 
Percentage (BLPCT) times FCC unless RM is already 
equal to or less than this value. 

If RM reaches the appropriate capacity threshold value 
before the battery voltage falls below the EDV1 thresh- 
old on a discharge, further decrementing of RM does not 
occur until the ED VI voltage threshold is reached. 
Further discharge below EDV1 causes RM to continue 
decrementing. 


If a calibration cycle is completed, FCC is updated with 
a new learned capacity. The Valid Discharge Flag 
(VDQ) in FLAGS 1 indicates that a valid discharge is in 
progress. VDQ is set whenever RM equals FCC on a 
charge. It is reset if there is a charge cycle large enough 
to set VQ (at least 10 mAh) or if the battery sits unused 
long enough to accumulate a total self-discharge estima- 
tion of at least 256mAh. VDQ is also reset if the Low 
Temperature Fault flag is set or if battery voltage is 
dropping so fast that Voltage is 256mV or more below 
the EDV1 threshold at the time that EDV1 flag in 
FLAGS 1 is set. 

A new FCC value is computed as the old FCC times 
BLPCT plus the discharge capacity measured by the 
Discharge Count Register (DCR) during the valid 
discharge cycle. This capacity reflects the available 
capacity that the battery is able to deliver under use 
conditions. If the new learned capacity is lower than the 
previous capacity, the new FCC value is limited to a 
maximum decrease of 256mAh from the prior FCC 
value. The update to FCC is made after detection of a 
valid charge (lOmAh) following completion of a valid 
calibration cycle. MaxError (0x0c) is changed to 0x0002 
(2%) and the updated FCC value is stored in EEPROM 
if the FCC value before update was more than 256mAh 
and was not more than 256mAh greater than the new 
updated FCC value. 

Repeated Accuracy 

The bq2040 measurement circuits and basic capacity 
monitoring methodology were accurate to less than 10% 
error in tests where a battery was cycled 30 times 
between 70% and 30%; i.e., without reaching full or 
empty. 

Charge Control 

The bq2040 can be used to control a Smart Battery 
Charger that complies with the Smart Battery System 
Smart Battery Charger Specification 1.0. To enable the 
bq2040 to manage the charging, the CC bit must be set. 
The effects of this are explained in the following 
sections. 

The bq2040 controls the Smart Charger by broadcast- 
ing the ChargingCurrent and ChargingVoltage to the 
charger every 10 seconds. If a charger alarm bit is 
set in BatteryStatus, the broadcast includes the 
AlarmWarning message and the charging current is 
set to zero. 

Charge Suspension 


The various thresholds for EDV1, EDVF, and BLPCT 
should be programmed such that RM decreases to zero 
before the battery voltage falls below the Final End of 
Discharge Voltage (EDVF) threshold. If not already zero, 
RM is set to zero when the EDVF threshold is reached. 
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The charge may be suspended temporarily by the 
bq2040 if fault conditions are detected. The fault condi- 
tions are explained below. 


4-374 




Using the bq2040 Gas Gauge 1C 


Overcurrent 

An overcurrent condition exists when the current meas- 
ured by the bq2040 exceeds the ChargingCurrent broad- 
cast to the charger by 25%. If the charging current is less 
than 1024mA, an overcurrent condition is determined as 
256mA more than the ChargingCurrent. Once an over- 
current condition is detected the ChargingCurrent is 
zeroed and the Alarm Warning Terminate__Charge_ Alarm 
bit is set. The Smart Charger receives a broadcast of 
Alarm Warning, ChargingVoltage and ChargingCurrent, 
with ChargingCurrent = 0. Charging is suspended until 
the bq2040 measures current below 256mA. 

Overvoltage 

An overvoltage condition exists when the voltage meas- 
ured by the bq2040 exceeds ChargingVoltage by 5%. 
When an overvoltage condition is detected, the Charg- 
ingCurrent is set to zero, and the Alarm Warning Termi- 
nate_Charge_Alarm bit is set. The Smart Charger 
receives a broadcast of Alarm Warning, ChargingVoltage 
and ChargingCurrent, with ChargingCurrent = 0. 
Charging is suspended until the bq2040 measures 
current below 256mA and voltage less than 105% of 
ChargingVoltage. 

Low Temperature 

If the temperature is measured to be less than 12°C 
then ChargingCurrent is set to the trickle rate. Once 
the temperature is at or above 15°C, the charging rate is 
restored to the appropriate rate. 

Maximum Temperature 

The maximum temperature, safety termination is 
programmable from 45°C to 69°C in 1.6°C increments. 
When the battery temperature equals or exceeds the 
user-programmed maximum temperature, the 
Over_Temp_ Alarm and Terminate_Charge_Alarm bits 
are set and ChargingCurrent is zeroed. These Alarm 
bits are not cleared until the temperature falls to 43°C 
or below the maximum temperature minus 5°C. A maxi- 
mum temperature termination is not a valid charge 
termination but only a charge suspension and as such, 
the Over_Charged_Alarm bit is not set. 

Undervoltage 

When the battery voltage is below the EDVF threshold, 
the Terminate_Discharge_Alarm is set and Charging- 
Current is set to the EDVF rate. Once the voltage is 
above EDVF, the charging rate is restored to the fast 
rate unless LTF flag is set (sets trickle rate) and the 
Terminate_Discharge_Alarm is reset. 


PSTAT 

When the PSTAT input is greater than or equal to 1.5V, 
a suspend charge condition is gererated. The Charging- 
Current is set to zero and the Terminate_Charge_Alarm 
is set if the Discharging flag in BatteryStatus is not set. 
The Terminate_Charge__Alarm clears when the PSTAT 
input is less than 1.0V. 

Charge Termination 

The bq2040 terminates a charge in three ways. The 
primary charge terminations are AT/At and current 
taper, while the secondary safety termination is a capac- 
ity based overcharge termination. 

AT/A t 

The AT/At algorithm detects a preset temperature step 
over a specified time rather than an instantaneous slope 
in the temperature. The AT/At rate is programmable in 
both the temperature step (1.6°C-4.6°C) and the time 
(20s-300s) over which the step is allowed to occur. Typi- 
cal settings for lC/minute include 2C/120s and 3C/180s. 
Longer times are required for increased slope resolution. 
Note that the AT/At calculation is not made continu- 
ously, but only at the end of each At interval. 

In addition to the AT/At timer, there is a hold-off timer 
which starts when the battery is being charged at more 
than 255mA and is hotter than 25C. The hold-off timer 
is programmable from 20s to 300s. Until it times out, 
the AT/At detection is suspended. If any of the condi- 
tions cease, the timer resets and will restart only when 
all conditions are met again. The AT/At termination 
conditions are checked regardless of the state of the 
chemistry bit; therefore, the various AT/At constants 
must be programmed to values that prevent an 
unwanted AT/At termination with a lithium chemistry 
battery. 

When a AT/At detection occurs, the Over_Charged_Alarm, 
Terminate_Charge_Alarm, and Fully_Charged bits are 
set and ChargingCurrent is zeroed. When the charger 
turns off and Current < 256mA, the alarm bits are 
cleared. 

Current Taper 

The current taper method is intended for lithium-ion 
batteries. ChargingVoltage (0x15) must be set to the 
pack voltage desired during the constant-voltage phase 
of charging. The bq2040 detects a current taper termi- 
nation when the AverageCurrent (0x0b) decreases to 
less than the user programmable TAPER current and 
still remains non-zero for at least 100 seconds while 
also meeting the criterion of a pack voltage measure- 
ment greater than the ChargingVoltage (0x15) less 
128mV. As with AT/At, the Over_Charged_Alarm, 
Terminate_Charge_Alarm, and Fully_Charged bits are 
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set and ChargingCurrent is zeroed. The alarm bits is 
cleared when AverageCurrent falls below 256mA. 

Capacity-Based Overcharge Termination 

The capacity based overcharge termination is a safety 
termination. It occurs if the battery continues to be 
charged more than a user selected maximum overcharge 
limit (MAXOVQ) after RM = FCC. When this point is 
reached, the Fully_Charged bit is set and current is 
requested at the trickle rate. Note that the LEFF effi- 
ciency is applied to the overcharge before it is counted 
and compared with MAXOVQ. This is not a valid charge 
termination and the Over_Charged_Alarm is not set. 

Writing RM to FULPCT on Charge Termination 

When a AT/At or Current Taper charge termination 
occurs, the RM register is set by the internal controller 
to a programmed full-charge percentage (FULPCT) of 
FCC if the CC bit is set This does not occur, however, if 
RM is already above this value or if the CC bit is not set. 
The Fully_Charged bit is also set when a valid charge 
termination occurs, but is immediately cleared if CC=0 
and RM< FULPCT. 

LED Display 

A four-segment LED display is available to indicate 
either RelativeStateOfCharge or AbsoluteStateOfCharge 
in 25% increments. This selection depends on the state of 
the msb in FLAGS2&l(0x2f). RelativeStateOfCharge is 
selected if th e msb is set. The d isplay is controlled by the 
state of the DISP p in. W ith DISP pulled to Vcc, the 
display is off. With DISP floating, the display tur ns on 
when AverageCurrent(OxOb) is at least + 100mA. DISP 
can also be switched to Vss, in which case the display is 
active for four seconds. Reactivation of the display 
requires that it return to the float or Vcc level before 
switching to Vss. A battery low condition is signaled by 
blinking LED1 at a 4 Hz rate instead of the normal 
steady display when the LED display is enabled. LED1 
blinks if EDVF is not set, AverageCurrent(OxOb) is at 
least +100ma (charging), and Remainin_Capacity_Alarm 
in BatteryStatus(0xl6) is set (RemainingCapacity(OxOf) < 
RemainingCapacityAlarm(OxOl)). If ED VF is set, the 
display is blanked regardless of the state of /DISP. 

Master Mode Messages 

The bq2040 supports the SBData charge-control func- 
tions. Master Modes messages are periodically broadcast 
to a Smart Charger or Host unless disabled. Charging- 
Current and ChargingVoltage are broadcast to the Smart 
Charger (slave address = 0x12) approximately every 10 
seconds. If any alarm bits are set in BatteryStatus 
(upper byte), the BatteryStatus word is also broadcast. It 
is broadcast to the Smart Charger in addition to the 
ChargingCurrent and ChargingVoltage messages if any 
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of the 6 msbs are set (any alarms except Remain- 
ing_Time_Alarm and Remaining_Capacity_Alarm). It is 
also broadcast to the Host (slave address = 0x10) if any 
alarm bits are set (including Remaining_Time_Alarm 
and Remaining_Capacity_Alarm). 

Configuration and Calibration 
of the bq2040 

The bq2040 reads configuration data from an external 
EEPROM on power-up or when a software reset is 
issued. Although it is possible to write to the EEPROM 
through the SMBus port of the bq2040, not all the loca- 
tions are accessible, so the EEPROM should be prepro- 
grammed with initial values by an external programmer 
either before pack assembly or before the devices are 
soldered to the PC board. After PCB or pack assembly, a 
few parameters may be adjusted for better accuracy in 
measuring voltage, temperature, and current. 

EEPROM Initialization Parameters 

SBD Data Registers Initialized from the EEPROM 

RemainingCapacityAlarm (0x01) 

RemainingTimeAlarm (0x02) 

FullyChargedCapacity (0x10) 

ChargingCurrent (0x14) 

ChargingVoltage (0x15) 

BatteryStatus (0x16) 

CycleCount (0x17) 

DesignCapacity (0x18) 

DesignVoltage (0x19) 

Specificationlnfo (Oxla) 

ManufactureDate (Oxlb) 

SerialNumber (Oxlc) 

ManufacturerName (0x20) text string =11 bytes 
DeviceName (0x21) text string = 7 bytes 
DeviceChemistry (0x22)text string = 5 bytes 
Manufactured ata (0x23)text string = 5 bytes 
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Gas Gauging Parameters Initialized from 
EEPROM 


FLAGS 1 


FLAGS2 


SDRATE 


IOVLD 


DELCAP 


This is the startup value for FLAGS 1 
and should be set to 0x00. 

This is the startup value for flags2. 
User should determine display mode, 
chemistry, and CC mode, and should set 
the other bits to 0. 

The self-discharge-rate byte register, cal- 
culated according to 


SRATE =2' s 


where X is the desired self-discharge 
percentage per day at 25C. 

(edvll and edvlh) This 16-bit word reg- 
ister holds the 2‘s complement of the 
first end of discharge threshold. [mV] 
(edvfl and edvfh) This 16-bit word regis- 
ter holds the 2‘s complement of the final 
end of discharge threshold. [mV] 

(iovldl and iovldh) This 16-bit word reg- 
ister holds the absolute value of the 
overload current. AverageCurrent 
greater than or equal to this value pre- 
vents EDV flags from setting. 

The current integration gain, an 8 -bit 
word register, holds the incremental 
change in capacity for each tick of the 
voltage-to-frequency converter assuming 
100% efficiency. It is programmed in the 
EEPROM according to the following for- 
mula: 


DELCAP = — [mAh / 256] 

Rsr 


BLPCT 


This 8-bit word register holds the per- 
centage of FCC that represents the ca- 
pacity of the battery when the battery 
voltage falls to EDV1. It is programmed 
in the EEPROM according to the follow- 
ing formula: 

BLPCT = 2.56 * (%RM at EDV1) 


Programmable Charge Compensations 

Charge compensations are programmable in the CEFF 
variable stored in RAM and EEPROM. One compensa- 
tion factor (HEFF) is applied while the RelativeS- 
tateofCharge is less than FULPCT. A second factor 
(LEFF) is applied when the RelativeStateofCharge is 
greater than or equal to FULPCT. These factors are 
programmable from 76% to 100%. Both factors are 
varied across temperature in three ranges. Below 30°C 
the factors are as programmed, for 30°C to 40°C the 
factors are decreased by 2%, and when Temperature is 
above 40°C the factors are decreased by 5%. 


CEFF 


Charge efficiency is a packed byte con- 
taining the two charge compensations. 
Bits b7-4 encode LEFF, the low effi- 
ciency factor used at or above FULPCT. 
Bits b3-0 encode HEFF, the high effi- 
ciency factor used below FULPCT. The 
nibble values are each calculated from 
percent efficiency by the following for- 
mula: 


CEFF. 


•■tii 256-196) 

nibble = — ^ 

4 


The user should note the effect of round- 
ing the result of first calculation by 
calculating the effective efficiency factor 
using the following: 

CEFF _ value = 

{CEFF _ nibble}' 4+196,* 

256 


FULPCT 


For example: If LEFF=85% and 
HEFF=95%, choose CEFF=0x5c. This 
results in LEFF=84.3%, HEFF=95.3%. 

Percentage of FullChargeCapacity at 
which the battery is to be considered 
fully charged. RemainingCapacity may 
be written to this percentage of fccp on a 
valid charge termination. Charging cur- 
rent requests are at the slow rate when 
RemainingCapacity is more than this 
percentage of FCC. FULPCT is stored 
in RAM and EEPROM in 2‘s comple- 
ment form. 
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Programmable Minimum Current Signal filter 


DIGFIL 


The digital filter byte register holds the 
threshold for filtering false counting 
due to Vos. The value represents the 
number of seconds to wait for VFC in- 
terrupts before ignoring them. 


DIGFIL = 


0.045 

VSRD 


Is] 


where Vsrd is the smallest voltage on 
SR that allows NAC to count. 


Capacity-Based Maximum Overcharge 

Maximum overcharge that is measured 
after RM = FCC. The measurement is 
compensated for efficiency and tempera- 
MAXOVQ ture where applicable. MAXOVQ is a 
16-bit word register that holds the 2‘s 
complement of the amount of overcharge 
in mAh. 


Programmable Current Taper Detection 

Upper limit of current taper detection for 
TAPER terminating charging. TAPER is a 16-bit 
word register that holds the 2‘s comple- 
ment of the taper current. 


AT Value in 
EEPROM 

AT 

(°C) 

A t Value in 
EEPROM 

At 

Timer Period 

(S) 

0 

1.6 

00 

320 

1 

1.8 

01 

300 

2 

2.0 

02 

280 

3 

2.2 

03 

260 

4 

2.4 

04 

240 

5 

2.6 

05 

220 

6 

2.8 

06 

200 

7 

3.0 

07 

180 

8 

3.2 

08 

160 

9 

3.4 

09 

140 

a 

3.6 

0a 

120 

b 

3.8 

0b 

100 

c 

4.0 

0c 

80 

d 

4.2 

Od 

60 

e 

4.4 

Oe 

40 

f 

4.6 

Of 

20 


Programmable AT/At Threshold 

The delta-T portion of the AT/At rate is programmed into 
the lower nibble of EEPROM address 0x4a. The At 
portion is programmed in EEPROM address 0x62. 


AT/At Hold-off Timer 

The hold-off timer is programmed in EEPROM address 
0x63. No AT/At termination is allowed until the hold-off 
time expires after a valid charge is detected. The hold- 
off time is 320s minus 20 times the EEPROM value. 


_ (AT_ value_ in_ EEPROMx2 + 16) 

io 


At = 320 - A t_ value_ in_EEPROMx20[sec\ 


Value in EE- 
PROM 

Hold-Off 
Time [s] 

HO Value in 
EEPROM 

Hold-Off 
Time [s]) 

00 

320 

08 

160 

01 

300 

09 

140 

02 

280 

0a 

120 

03 

260 

Ob 

100 

04 

240 

0c 

80 

05 

220 

Od 

60 

06 

200 

Oe 

40 

07 

180 

Of 

20 


7/18 


4-378 






Using the bq2040 Gas Gauge 1C 


Programmable Maximum Temperature Fault 

The maximum temperature is programmable in 
EEPROM over a range of 45°C to 69°C. The value is 
programmed in to the upper-nibble of EEPROM address 
0x4a. 


Maximum Temperature = 

69 - ( mt_ value _ in _ EEPROM • 1.6)[°C] 


mt value in 
EEPROM 

Maximum 

Temperature 

mt value in 
EEPROM 

Maximum 

Temperature 

0 

69.0 

8 

56.2 

1 

67.4 

9 

54.6 

2 

65.8 

a 

53.0 

3 

64.2 

b 

51.4 

4 

62.6 

c 

49.8 

5 

61.0 

d 

48.2 

6 

59.4 

e 

46.6 

7 

57.8 

f 

45.0 


Measurement Parameters and 
Calibration 

A few more parameters are required to configure the 
bq2040’s measurement subsystems. Additionally meas- 
urement accuracy can be improved by calibrating these 
factors for variations in the battery voltage divider resis- 
tors, sense-resistor, PC board conductor resistance in 
high current paths and for variations in the bq2040 
devices themselves. The calibration can be done on PC 
board assemblies or on assembled and sealed packs by 
using a feature of the bq2040 which writes data to the 
EEPROM from an SMBus command. 

SMBus Write-through to EEPROM 

The SMBus write through function writes two bytes at a 
time. The correct data word to be changed in the 
EEPROM may be determined from the E2 Map in the 
reference section. To modify an EEPROM location from 
an SMBus command, the WRALL bit must be set and 
the following sequence must be executed: 

1. Write the new information to be updated into the 
appropriate RAM location using a normal SMB 
write command. 


2. Execute a SMB write command to address 0x3c 
with the EEPROM location to modify as the LSB 
data and the access key 0xb3 as the MSB data 
written with CMD (0x3c). The EEPROM location 
should always be an even address. A full 16-bit 
word consisting of both the LSB byte in the even 
address and MSB byte in the next higher address 
are written at the same time into the EEPROM. 
The RAM address is not needed by the processor, as 
the map relating the two sets of addresses is inter- 
nal to the processor. The write operation occurs 
within 0.5 seconds. The processor clears the 0xb3 
access key from the msb of CMD (0x3c) when the 
operation is completed. 

3. Confirmation of a successful EEPROM write is only 
possible by checking the RAM locations initialized 
from the EEPROM after a full device reset. The 
calibration factors in the EEPROM cannot be read 
directly from the SMBus. 





WRALL: The WRALL bit controls read and write 
access to a number of register locations. CMD (0x3c) is 
read only unless WRALL is set, thus preventing an 
EEPROM write-through. CMD (0x64) is not accessible 
unless WRALL is set, preventing a software reset 
command. WRALL comes up set if EEPROM location 
0x3d (BUSYFLG) has bit b3 = 1. 


RESET: A software reset reinitializes all register 
values from the EEPROM. It is the only way to verify 
that EEPROM values have indeed been updated. A soft- 
ware reset is performed by the following sequence: 

1. Check the value of MaxError (0x0c). If this value is 
0x0002 (2%), it must be first written to any differ- 
ent value. 

2. Write 0x8009 into CMD (0x64). 

3. Confirmation of a successful reset may be accom- 
plished by verifying that MaxError (0x0c) is now 
0x0064 (100%) and that Temperature (0x08) is 
0x0b72 (293. 0°K). Temperature is updated to the 
actual reading 20 seconds after the reset. 

Voltage Parameters 


NCCAL 

NCELLS 


Byte register to calibrate the Voltage 
(0x09) function. NCCAL/256 is the frac- 
tional multiplier of the voltage on the SB 
pin. 

Byte register to calibrate the Voltage 
(0x09) function. NCELLS is the integer 
multiplier of the voltage on the SB pin. 
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Byte register to calibrate the Voltage 
(0x09) function. VOFF is a signed inte- 
ger which is represents the number of 
millivolts used to correct for voltage off- 
set in the conversion of the signal on the 
SB input. Voltage is calculated accord- 
ing to the following formula which uses 
the preceding byte registers and A/D 
VOFF conversion of the SB input: 

Voltage = 

[(Vsb • 1000) + VOFF\ • 

[NCELLS + NCCAL / 256] [i mV] 

the offset correction is applied before the 
gain (ncells.nccal) is applied. 

Temperature Calibration 

Temperature offset trim is a byte value 
used to calibrate the internal tempera- 
ture sensor. The nominal value is 0x80, 
and represents 12.8°C added to a raw re- 
TTRIM suit of temperature. To calibrate the 
Temperature function TTRIM can be in- 
creased to Oxff, 25. 5C, or decreased to 
0x00, 0C. Thus the calibration range is 
+12.7K,-12.8K. 

Current Calibration 

Current-measurement gain factor word 
is used to calibrate the Current and Av- 
erageCurrent functions. 

mES60 IRES6 0 = 19 y RsR 

where Rsr is the value of the sense re- 
sistor in ohms. 

Coulomb Counting Calibration 

Based on the accuracy of the current 
sense, DELCAP may have to be adjusted 
for more accurate gas gauging. Remem- 
ber that DELCAP is the sense resistor 
gain factor word used to calibrate the 
DELCAP RemainingCapacity function. 

DELCAP = S - 2 / Rsr 

where Rsr is the value of the sense resis- 
tor in ohms. 


Reference Section 

Smart Battery Slave Functions: Details 
of how they work in the bq2040 

ManufacturerAccess (0x00) 

Manufacter Access is currently unused. It is available for 
read/write access by the user. 

RemainingCapacityAlarm (0x01) 

This value is initialized from the EEPROM, but can be 
written by the user at any time. When RemainingCa- 
pacity(OxOf) falls below this value, the Remain- 
ing^ apacity_Alarm bit is set in BatteryStatus(0xl6). 

RemainingTimeAlarm (0x02) 

This value is initialized from the EEPROM, but can be 
written by the user at any time. When the AverageTi- 
meToEmpty(0xl2) falls below this value, the Remain- 
ing_Time_Alarm bit is set in BatteryStatus(0xl6). 

BatteryMode (0x03) 

This read/write word is used to control Smart Charger 
and Host broadcast messages from the bq2040. Writing 
bit 14 to a 1 disables these Master Mode broadcast 
messages to the charger and host. Bit 14 is automati- 
cally reset if the SMBC and SMBD communication lines 
are held low for greater than 2 seconds. If resetting bit 
14 is required when the battery pack is removed from 
the system, 1M pull-down resistors should be added 
within the battery pack from SMBC and SMBD to Vss 
to force a logic low on the communication lines. If bit 13 
is written to a 1, the Master Mode broadcast messages 
are also disabled, but this disable is not automatically 
reset like bit 14. The EEPROM can be configured to 
initialize bit 13 to a 1 by programming bit b3 in address 
0x3f (location that initializes FLAGS2) to a 1. 

AtRate(0x04)-(0x07) 

The AtRate functions (0x05)-(0x07) are updated every 
twenty seconds and immediately after AtRate(0x04) is 
written. Reading commands (0x05)-(0x07) while they 
are being recalculated results in a no-acknowledge of 
the command and the error code not ready is reported in 
BatteryStatus(0xl6). 

Temperature (0x08) 

The temperature measurement is updated every 20 
seconds. 

Voltage (0x09) 

The voltage measurement is updated approximately 
every 2 seconds. 
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Current (OxOa) 

The current measurement is a 20 second average of ticks 
from the voltage-to-frequency converter. 

AverageCurrent (0x0b) 

The value reported for the AverageCurrent function is a 
60 second rolling average of the Current function. It is 
updated every 20 seconds. 

MaxError (0x0c) 

MaxError is set to 100% upon initial power up or full 
device reset. It is set to 2% when FULCAP is calibrated 
and to 5% when the request condition cycle bit (b7) is set 
in BatteryMode. 

RelativeStateOfCharge(OxOd) 

The value reported for RelativeStateOfCharge is calcu- 
lated from RemainingCapacity/FullChargeCapacity at 
least every 500ms. 

AbsoluteStateOfCharge(OxOe) 

The value reported for AbsoluteStateOfCharge is calcu- 
lated from RemainingCapacity/DesignCapacity at least 
every 500ms. 

RemainingCapacity (OxOf) 

The value reported from RemainingCapacity is the 
current battery capacity in mAh and ranges from 0 to a 
maximum of FullChargeCapacity. 

FullChargeCapacity (0x10) 

This value is the latest measurement of the battery 
capacity in mAh. 

RunTimeToEmpty(0x1 1 ) 

The value for RunTimeToEmpty is calculated from 
Current and RemainingCapacity at least every 500ms. 

AverageTimeToEmpty(0x1 2) 

The value for AverageTimeToEmpty is calculated from 
AverageCurrent and RemainingCapacity every 20s. 

AverageTimeToFull(0x1 3) 

The value for AverageTimeToFull is calculated from 
AverageCurrent and RemainingCapacity every 20s. 

ChargingCurrent (0x14) 

The value stored in this register changes according to 
various battery conditions. The value in this register 
is broadcast to the Smart Charger every 10 seconds if 
Master Mode messages are enabled. The value in this 
register is initially loaded with the value programmed 
into the EEPROM locations 0x08 and 0x09. This 


value is updated as soon as the gauge determines the 
charge state of the battery. The value programmed 
into the EEPROM fast-charging current (FCHGI) 
location is the value normally loaded in ChargingCur- 
rent. If The Terminate_Charge_Alarm in BatteryStatus 
is set, ChargingCurrent is set to zero. When the 
Fully_Charged bit in BatteryStatus or the Low 
Temperature Fault bit in FLAGS2 is set, Charging- 
Current is set to the maintenance charging current 
(TCHGI) rate programmed in the EEPROM. If the 
Terminate_Discharge_Alarm in BatteryStatus is set, 
ChargingCurrent is set to the EDVF charging current 
(MCHGI) rate programmed in the EEPROM. 

Charging Voltage (0x15): 

The value programmed into the EEPROM for Charg- 
ingVoltage (CHGV) determines the contents of this 
register. This register value is broadcast to the Smart 
Charger every 10 seconds if Master Mode messages are 
enabled. 

BatteryStatus (0x16) 

This 16-bit register reports the system status including 
alarms, charge state, and communication errors. If any 
of the alarm bits (bl0-bl5) in this word are set, this 
word is broadcast to the Smart Charger. If any bits 
b8-bl5 in this word are set, this word is broadcast to the 
System Host. These broadcasts occur every 10 
seconds unless Master Mode messages are disabled. 

Over_Charged_Alarm: Set when a current 
taper or AT/At condition occurs during a 
charge. Cleared during discharge or when 
kjg current taper and AT/At conditions cease dur- 
ing a charge. This bit indicates a valid 
charge termination and causes RemainingCa- 
pacity to be written to FULPCT of FCC if the 
CC bit in FLAGS2 is set. 

Terminate_Charge_Alarm: Set when 
overcurrent, overvoltage, current taper, 
over-temperature or AT/At conditions occur 
bl4 during a charge. Cleared during discharge or 

when all of the setting conditions cease dur- 
ing a charge. Charging current is set to zero 
when this bit is set. This bit indicates a 
charge suspend. 

bl3 Reserved 

Over_Temp_Alarm: Set when the tempera- 
ture is above the programmed maximum 
temperature. Cleared when the tempera- 
ture is at or below 43 °C or below the maxi- 
mum temperature minus 5°C. This bit indi- 
cates a charge suspend. 
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Terminate_Discharge_Alarm: Set when 
the battery voltage is below the EDVF 
bll threshold. Cleared otherwise. While this bit 
is set, charging current is requested at the 
EDVF (MCHGI) rate. 

blO Reserved 

Remaining_Capacity_Alarm: Set when 
kg RemainingCapacity (OxOf) is less than Re- 
mainingCapacityAlarm (0x01). Cleared oth- 
erwise. 

Remaining_Time_Alarm: Set when Avera- 
kg geTimeToEmpty (0x12) is less than the value 
in RemainingTimeAlarm (0x02). Cleared oth- 
erwise. 

Initialized: Set or cleared according to the 

b7 default register data loaded from the EE- 

PROM on a full reset of bq2040. 

kg Discharging: Set when not charging. 

Cleared when charging. 

Fully_Charged: Set when a valid charge ter- 
kg mination or capacity based overcharge termi- 
nation occurs. Cleared when the RelativeS- 
tateOfCharge (OxOd) is less than FULPCT. 

Fully_Discharged: Set when set when 
b4 pack voltage is less than EDVF. Cleared 
when RelativeStateOfCharge 20%. 

b3 0 Communication Error Codes: As de- 
scribed in the SBD specification. 

CycleCount (0x17) 

The cycle count algorithm matches the method described 
in the SBD specification. When a valid charge is 
detected, the value of AbsoluteStateOfCharge at the 
beginning of the previous discharge is used to determine 
if the battery has been discharged 15 percentage points. 
Cycle count is saved in EEPROM each time the value is 
incremented. 

DesignCapacity (0x18) 

This word returns the programmed value for the design 
capacity of the battery in mAh. It is used as the 100% 
reference charge value for the AbsoluteS- 
tateOfCharge(OxOe) calculation. 

Design Voltage (0x19) 

This word contains the nominal output voltage of the 
battery pack in mV. It is output as the initial value for 
the Voltage(0x09) until the first calculation update is 
made after a reset. 


Specif icationlnfo (0x1 a) 

This word should be programmed to the SMB specifica- 
tion revision that the bq2040 supports plus scale factors 
on reported voltage and current. It should be 
programmed to 0x1000 for the bq2040, representing 
SMB specification version 1.0 and scale factors of unity 
on reported voltage and current. 

ManufactureDate (0x1 b) 

This word is for the battery manufacturer to use to 
program the date of manufacture of the battery pack. 
The packed word is determined as follows: 

(year-1980) * 512 + month * 32 + day 

SerialNumber (0x1 c) 

This word is for the battery manufacturer to use to 
program the serial number of the battery pack. 

ManufacturerName (0x20) 

This word contains an ASCII character string contain- 
ing the manufacturer’s name. The first byte contains 
the number of characters in the name and following 
bytes contain the appropriate ASCII character codes. 
The maximum number of characters is 11. 

DevicelName (0x21) 

This word contains an ASCII character string contain- 
ing the battery name. The first byte contains the 
number of characters in the name and following bytes 
contain the appropriate ASCII character codes. The 
maximum number of characters is 7. 

DeviceChemistry (0x22) 

This word contains an ASCII character string contain- 
ing the battery chemistry. The first byte contains the 
number of characters in the name, and following bytes 
contain the appropriate ASCII character codes. The 
maximum number of characters is 5. 

ManufacturerData (0x23) 

This word contains an ASCII character string contain- 
ing the manufacturer’s data. The first byte contains the 
number of characters in the name and following bytes 
contain the appropriate ASCII character codes. The 
maximum number of characters is 5. 
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Description of bq2040 Specific Flag 
Bits 

The bq2040 has additional bit-registers to manage inter- 
nal status. The most useful is Flags2&l (0x2f). 


AT/At: The AT/At flag is set when the rate of in- 
crease in temperature exceeds the programmed 
rate. The flag is cleared with the temperature 
rise slows below the programmed rate, tem- 
perature falls below 25C, or AverageCurrent 
falls below 256mA. 


b!5 


b!4 


bl3 


b!2 


bll 


blO 


b9 


b8 


DMODE: User-selectable mode to display ca- 
pacity. When set the bq2040 is in relative 
mode and the FullChargeCapacity is used as 
the 100% reference. In absolute mode the 
DesignCapacity is used as the 100% reference. 

PSTAT: This bit reflects the state of the 
PSTAT input pin to the part. It is a 1 if the in- 
put voltage is > 1.5V and is a 0 if the input volt- 
age is less than 1.0V. This flag could be used to 
monitor an external function, such as the 
on/off state of a charge FET in a protector. 

CHM: User-selected chemistry mode. When 
set the charge efficiency factors (HEFF and 
LEFF) are not adjusted for temperature. 

When not set, HEFF and LEFF charge effi- 
ciencies are adjusted with appropriate reduc- 
tions for temperatures above 30C. 

CC: When the Charge Control bit is set, the 
RemainingCapacity is set to FULPCT times 
FullChargeCapacity when a valid charge ter- 
mination occurs unless the capacity is al- 
ready above this value. 

EINT: The Enable Interrupt flag is set when 
the voltage on SR is greater than the digital 
filter cutoff. When the flag is set, the bq2040 
counts charge or discharge interrupts from the 
voltage-to-frequency converter. 

OV: overvoltage flag set indicates that the 
bq2040 detected a pack voltage that is 5% over 
the value of ChargingVoltage. This flag is 
cleared when the Voltage is not more than 5% 
above ChargingVoltage. Overvoltage checking 
is bypassed if the value in ChargingVoltage 
(0x15) is greater than 0xf2ff. 

LTF: The Low Temperature Fault is set when 
the internal temperature sensor detects a tem- 
perature of less than 12°C and reset when the 
temperature is 15°C or greater. 

OC: The overcurrent flag denotes that the cur- 
rent measured by the bq2040 is 25% more 
than the ChargingCurrent (0x14), if Charging 
Current is at least 1024mA. If ChargingCur- 
rent is less than 1024mA, then OC is set if 
Current is 256mA more than ChargingCur- 
rent. OC is cleared when Current is less than 
256mA. Overcurrent checking is bypassed 
when the value in ChargingCurrent (0x14) is 
greater than Oxcbff. 


b5 

b4 

b3 

b2 

bl 

bO 


IMIN: The IMIN flag is set when a valid cur- 
rent taper charge termination is detected. 
This occurs when Voltage (0x09) is above 
ChargingVoltage (0x15) minus 128mV and Av- 
erageCurrent (0x0b) is less than the pro- 
grammed TAPER limit but greater than 0 for 
at least 100 seconds. When set, the 
Fully_Charged, Overcharged, and Termi- 
nate_Charge bits are set and ChargingCurrent 
(0x14) is set to 0. 

VQ: The Valid Charge flag is set during a 
charge cycle which has incremented Remain- 
ingCapacity by at least lOmAh. It is reset 
whenever discharge current above the digital 
filer threshold is detected. 

Reserved 

VDQ: The Valid Discharge flag is set when the 
pack is discharged from full. VDQ is reset if a 
valid charge occurs or the temperature goes 
out of range. If discharged to EDV with VDQ 
set, the FullChargeCapacity is updated on the 
next valid charge with the amount of charge 
removed while VDQ was set. 

OVLD: The Overload flag is set when dis- 
charge current is at or above programmed 
IOVLD value. Reset when discharge current 
is less than IOVLD value. EDV1 and EDVF 
are not set if OVLD is set. 

EDV1: The First End of Discharge Voltage 
threshold flag is set when the pack voltage is 
below the threshold programmed in the EE- 
PROM, OVLD not set, and Current is not posi- 
tive (charging). EDV1 is reset when VQ is set. 
LED1 flashes when EDV1 is set, EDVF is not 
set, and the display is enabled. 

EDVF: The Final End of Discharge Voltage 
threshold flag is set when the pack voltage is 
below the threshold programmed in the EE- 
PROM, OVLD not set, and Current is not posi- 
tive (charging). EDVF is reset when VQ is set. 
The LED display is blanked when EDVF is 
set. 
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RAM, EEPROM, and Bit-Register Maps 

RAM Locations for Test/Calibration/Programming 


Name 

Description 

CMD 


RAM Address 

NACL 

NAC low byte, mAh 

(Oxlf) 

lsb 

0x3e 

NACH 

NAC hi byte, mAh*256 


msb 

0x3f 

MANFNAM 

ManufacturerName string data, max length =11 

(0x20) 


0x40 - 0x4b 

DEVNAME 

DeviceName string data, max length = 7 

(0x21) 


0x50 - 0x57 

DEVCHM 

DevieeChemistry string data, max length = 5 

(0x22) 


0x60 - 0x65 

MANDT 

ManufacturerData string data, max length = 5 

(0x23) 


0x70 - 0x75 

IOVLDL 

Current overload, absolute value low 

(0x26) 

lsb 

0x4c 

IOVLDH 

Current overload, absolute value high 


msb 

0x4d 

BLPCT 

Battery low %, relative capacity at EDV1 

BLPCT = 2.56 * (%RM at EDV1) 

(0x27) 

lsb 

0x4e 

UNUSED 



msb 

0x4f 

TAPERL 

Li-Ion taper current low, 2’s 

(0x2c) 

lsb 

0x58 

TAPERH 

Li-Ion taper current high, 2’s 


msb 

0x59 

MAXOVQL 

Maximum overcharge limit low, 2’s 

(0x2d) 

lsb 

0x5a 

MAXOVQH 

Maximum overcharge limit high, 2’s 


msb 

0x5b 

MFLAG 

Master mode flag register 

(0x2e) 

lsb 

0x5c 

BUSYFLG 

Access protect register 


msb 

0x5d 

FLGS1 

FLAGS 1 register 

(0x2f) 

lsb 

0x5e 

FLGS2 

FLAGS2 register 


msb 

0x5f 

IRES60L 

Current-measurement gain factor low 

(0x33) 

lsb 

0x66 

IRES60H 

Current-measurement gain factor high IRES60 
= 192 /Rsr 


msb 

0X67 

VOFF 

Battery voltage offset trim, signed integer in mV 
bvolt = (Vsb* 1000+VOFF)*(NCELLS + 

NCCAL/256) (mV) 

(0x34) 

lsb 

0x68 

TTRIM 

Temperature trim, [0.1K] 

btemp = TTRIM + raw temp calc (.1°K), nominal 
value = 80° 


msb 

0x69 

MT_DT 

Max Temp fault/ Delta Temp step value (°C) 
MT=b7-4, maxT = 69 - (MT*1.6) (°C) 

DT=b3-0, AT step = 16+DT*2 (0.1°C) 

(0x35) 

lsb 

0x6a 

CEFF 

Charge efficiency, LEFF=b7-4, HEFF=b3-0 

LEFF, HEFF = [eff(%)*256 - 196]/4 


msb 

0x6b 

FULPCT 

Full-charge percentage, 2‘s complement 

(0x36) 

lsb 

0x6c 

DIGFIL 

Digital filter value = 0.045/Vsrd (s) 


msb 

0x6d 

DELCAP 

Current integration gain factor = 3.2/Rrsr 
(mAh/256) 

(0x37) 

lsb 

0x6e 
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RAM Locations for Test/Calibration/Programming (Continued) 


Name 

Description 

CMD 


RAM Address 

SDRATE 

Self-discharge rate, SDRATE = 2’s[52.73/X], 

X = % discharge rate per day 


msb 

0x6f 

NCCAL 

Number of cells fraction 

(0x3b) 

lsb 

0x76 

NCELLS 

Number of cells integer, 

Voltage gain = NCELLS + NCCAL/256 


msb 

0x77 

I2CWAA 

I 2 C write EEPROM address to update 
(MUST BE EVEN) 

(0x3c) 

lsb 

0x78 

I2CWAK 

I 2 C write access key {0xb3} 


msb 

0x79 

MCHGIL 

EDVF charging current low (used below EDVF) 

(0x3d) 

lsb 

0x7a 

MCHGIH 

EDVF charging current high (used below EDVF) 


msb 

0x7b 

EDV1L 

EDV 1 threshold low, 2‘s complement 

(0x3e) 

lsb 

0x7c 

EDV1H 

EDV 1 threshold high, 2‘s complement 


msb 

0x7d 

EDVFL 

EDVF threshold low, 2‘s complement 

(0x3f) 

lsb 

0x7 e 

EDVFH 

EDVF threshold high, 2‘s complement 


msb 

0x7f 

DTTIM 

A t step = 320 - DTTIM * 20 [s], 

AT timer = b4-7 

(0x41) 

lsb 

0x82 

HLDTIM 

Hold-off time = 320 - HLDTIM * 20 [s] 


msb 

0x83 


Bit Registers 


Name 

b15 

b14 

b13 

b12 

bll 

blO 

b9 

cr 

00 

Bat- 

Modeh 

(0x03) 

mWh 

ChgrMod 

DIS- 

MAST 

- 

- 

- 

- 

- 


b7 

b6 

b5 

b4 

b3 

b2 

bl 

bO 

BatModel 

(0x03) 

Req Cond. 
Cycle 

- 

- 

- 

- 

- 

- 

- 


bl5 

bl4 

bl3 

bl2 

bll 

blO 

b9 

b8 

Batsth 

(0x16) 

OvrChg 

Alarm 

TermChg 

Alarm 

Reserved 

OvrTemp 

Alarm 

TermDsg 

Alarm 

- 

RemCap 

Alarm 

RemTime 

Alarm 


b7 

b6 

b5 

b4 

b3 

b2 

bl 

bO 

Batstl 

(0x16) 

Initialized 

Dsg 

FullyChg 

FullyDsg 

smb 

error 

smb 

error 

smb 

error 

smb 

error 


bl5 

bl4 

bl3 

bl2 

bll 

blO 

b9 

b8 

FLAGS2 

(0x2f) 

DMODE 

PSTAT 

CHM 

CC 

ENINT 

(DISMM) 

ov 

LTF 

OC 


b7 

b6 

b5 

b4 

b3 

b2 

bl 

bO 

FLAGS 1 

(0x2f) 

AT/At 

IMIN 

VQ 

- 

VDQ 

OVLD 

EDV1 

EDVF 
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E 2 Map 


Name 

Description 

CMD 


E 2 addr 

(bq2040) 

EELENGTH 

EEPROM length 

Number of bytes to read from EEPROM = 0x64 



0x00 * 

CHKBYTE1 

EEPROM check 1 MUST equal 0x5b 



0x01 * 

RTMALML 

Remaining time alarm low 

(0x02) 

lsb 

0x02 * 

RTMALMH 

Remaining time alarm hi 

(0x02) 

msb 

0x03 * 

RCPALML 

Remaining capacity alarm low 

(0x01) 

lsb 

0x04* 

RCPALMH 

Remaining capacity alarm hi 

(0x01) 

msb 

0x05 * 

UNUSED 

Reserved 


lsb 

0x06 

UNUSED 

Reserved 


msb 

0x07 

CHGIL 

Initial charging current after reset low 

(0x14) 

lsb 

0x08 

CHGIH 

Initial charging current after reset hi 

(0x14) 

msb 

0x09 

CHGVL 

Charging voltage low 

(0x15) 

lsb 

0x0a 

CHGVH 

Charging voltage hi 

(0x15) 

msb 

0x0b 

BATSTL 

Initial Battery Status low 

(0x16) 

lsb 

0x0c 

BATSTH 

Initial BatteryStatus hi 

(0x16) 

msb 

OxOd 

CYCLEL 

Cycle count low byte 

(0x17) 

lsb 

OxOe 

CYCLEH 

Cycle count hi byte 

(0x17) 

msb 

OxOf 

DESCAPL 

Design capacity low byte 

(0x18) 

lsb 

0x10 

DESCAPH 

Design capacity hi byte 

(0x18) 

msb 

Oxll 

DESVL 

Design voltage low 

(0x19) 

lsb 

0x12 

DESVH 

Design voltage hi 

(0x19) 

msb 

0x13 

SPECL 

Specification information low 

(Oxla) 

lsb 

0x14 

SPECH 

Specification information hi 

(Oxla) 

msb 

0x15 

MDATEL 

Manufactures date low 

(Oxlb) 

lsb 

0x16 

MDATEH 

Manufactures date hi 

(Oxlb) 

msb 

0x17 

SERNUML 

Serial number low byte 

(Oxlc) 

lsb 

0x18 

SERNUMH 

Serial number hi byte 

(Oxlc) 

msb 

0x19 

FCHGIL 

Fast-charging current low 

(Oxld) 

lsb 

Oxla 

FCHGIH 

Fast-charging current hi 

(Oxld) 

msb 

Oxlb 

TCHGIL 

Maintenance charging current low 

(Oxle) 

lsb 

Oxlc 

TCHGIH 

Maintenance charging current hi 

(Oxle) 

msb 

Oxld 

NACL 

Initial NAC value low 

(Oxlf) 

lsb 

Oxle 

NACH 

Initial NAC value hi 

(Oxlf) 

msb 

Oxlf 
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E 2 Map (Continued) 






E 2 addr 

Name 

Description 

CMD 


(bq2040) 


Manufacturer name string data 

(0x20) 


0x20 - 0x2b 


String length, max =11 



0x20 * 


ASCII character #1 



0x21 * 


ASCII character #2 



0x22 * 


ASCII character #3 



0x23 * 


ASCII character #4 



0x24* 

MANFNAM 

ASCII character #5 



0x25* 


ASCII character #6 



0x26 * 


ASCII character #7 



0x27* 


ASCII character #8 

(0x24) 

lsb 

0x28 


ASCII character #9 

(0x24) 

msb 

0x29 


ASCII character #10 

(0x25) 

lsb 

0x2a 


ASCII character #11 

(0x25) 

msb 

0x2b 

IOVLDL 

Current overload, absolute value low 

(0x26) 

lsb 

0x2c 

IOVLDH 

Current overload, abolute value high 

(0x26) 

msb 

0x2d 

BLPCT 

Battery low %, relative capacity at EDV1 

BLPCT = 2.56 *(%RM at EDV1) 

(0x27) 

lsb 

0x2e 

UNUSED 


(0x27) 

msb 

0x2f 


Device name string data 

(0x21) 


0x30 - 0x37 


String length, max = 7 

(0x28) 

lsb 

0x30* 


ASCII character #1 

(0x28) 

msb 

0x31 * 

DEVNAME 

ASCII character #2 

(0x29) 

lsb 

0x32 

ASCII character #3 

(0x29) 

msb 

0x33 


ASCII character #4 

(0x2a) 

lsb 

0x34 


ASCII character #5 

(0x2a) 

msb 

0x35 


ASCII character #6 

(0x2b) 

lsb 

0x36 


ASCII character #7 

(0x2b) 

msb 

0x37 

TAPERL 

Li-Ion taper current low, 2’s 

(0x2c) 

lsb 

0x38 

TAPERH 

Li-Ion taper current high, 2’s 

(0x2c) 

msb 

0x39 

MAXOVQL 

Maximum overcharge limit low, 2’s 

(0x2d) 

lsb 

0x3a 

MAXOVQH 

Maximum overcharge limit high, 2’s 

(0x2d) 

msb 

0x3b 

MFLAG 

Master mode flags initial value (Program to 0) 

(0x2e) 

lsb 

0x3c 

BUSYFLG 

Access protect (Program to OxbO for pack access 
protect, 0xb8 for unprotected pack access) 

(0x2e) 

msb 

0x3d 

FLGS1 

FLAGS 1 register initial value 

(0x2 f) 

lsb 

0x3e 

FLGS2 

FLAGS2 register initial value 

(0x2f) 

msb 

0x3f 


Device chemistry string data 

(0x22) 


0x40 - 0x45 


String length, max = 5 

(0X30) 

lsb 

0X40* 

DEVCHM 

ASCII character #1 

(0x30) 

msb 

0X41 * 

ASCII character #2 

(0X31) 

lsb 

0X42 


ASCII character #3 

(0x31) 

msb 

0X43 


ASCII character #4 

(0X32) 

lsb 

0X44 


ASCII character #5 

(0x32) 

msb 

0X45 
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E 2 Map (Continued) 






E z addr 

Name 

Description 

CMD 


(bq2040) 

IRES60L 

Current-measurement gain factor low 

(0x33) 

lsb 

0x46 

IRES60H 

Current-measurement gain factor high 

IRES60 = 192/Rsr 

(0x33) 

msb 

0X47 


Battery voltage offset trim, signed integer in mV 




VOFF 

bvolt = (Vsb* 1000+VOFF)*(NCELLS + 

NCCAL/256) (mV) 

(0x34) 

lsb 

0x48 


Temperature offset trim, [0.1°K] 




TTRIM 

btemp = TTRIM + raw temp calc (.1°K), 
nom val = 80° 

(0x34) 

msb 

0x49 


Max Temp fault/ Delta Temp step value (°C) 




MT_DT 

MT=b7-4, maxT = 69 - (MT*1.6) (°C) 

DT=b3-0, AT step = 16+DT*2 (0.1°C) 

(0x35) 

lsb 

0x4a 

CEFF 

Charge efficiency, LEFF=b7-4, HEFF=b3-0 

LEFF, HEFF = [eff(%)*256 - 1961/4 

(0x35) 

msb 

0x4b 

FULPCT 

Full-charge percentage, 2‘s complement 

(0x36) 

lsb 

0x4c 

DIGFIL 

Digital filter value = 0.045/Vsrd (s) 

(0x36) 

msb 

0x4d 

DELCAP 

Current integration gain factor = 3.2/Rrsr 
(mAh/256) 

(0x37) 

lsb 

0x4e 


Self-discharge rate 




SDRATE 

SDRATE = 2’s[52.73/X], X = % discharge rate 
per day 

(0x37) 

msb 

0x4f 


Manufacture data string data 

(0x23) 


0x50 - 0x55 


String length, max = 5 

(0x38) 

lsb 

0x50* 

MANDT 

ASCII character #1 

(0x38) 

msb 

0x51 * 

ASCII character #2 

(0x39) 

lsb 

0x52 


ASCII character #3 

(0x39) 

msb 

0x53 


ASCII character #4 

(0x3a) 

lsb 

ox54 


ASCII character #5 

(0x3a) 

msb 

ox55 

NCCAL 

Number of cells fraction 

(0x3b) 

lsb 

0x56 

NCELLS 

Number of cells integer, 

Voltage gainl = NCELLS + NCCAL/256 

(0x3b) 

msb 

0x57 

I2CWAA 

I 2 C write EEPROM address, Program to 0x00 

(0x3c) 

lsb 

0x58 

I2CWAK 

I 2 C write access key, Program to 0x00 

(0x3c) 

msb 

0x59 

MCHGIL 

EDVF charging current low (used below EDVF) 

(0x3d) 

lsb 

0x5a 

MCHGIH 

EDVF charging current high (used below 

EDVF) 

(0x3d) 

msb 

0x5b 

EDV1L 

EDV 1 threshold low, 2‘s complement 

(0x3e) 

lsb 

0x5c 

EDV1H 

EDV 1 threshold high, 2‘s complement 

(0x3e) 

msb 

0x5d 

EDVFL 

EDVF threshold low, 2‘s complement 

(0x3f) 

lsb 

0x5e 

EDVFH 

EDVF threshold high, 2‘s complement 

(0x3f) 

msb 

0x5f 
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E 2 Map (Continued) 


Name 

Description 

CMD 


E 2 addr 

(bq2040) 

FULCAPL 

Full-charge capacity low 

(0x10) 

lsb 

0x60 * 

FULCAPH 

Full-charge capacity high 

(0x10) 

msb 

0x61 * 

DTTIM 

A t step (bO-3) = 320 - DTTIM * 20 [s] 

(0x41) 

lsb 

0x62 

HLDTIM 

Hold-off time (bO-3) = 320 - HLDTIM * 20 [s] 

(0x41) 

msb 

0x63 

CHKBYTE2 

Check byte 2 MUST equal 0xb5 



0x64* 

RESERVED 




0x65 - 0x7f 


* Difficult or impossible to update with SMB write-through function 
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UIMITRODE 


u-5i4 Using the bq2010 

A Tutorial for Gas Gauging 


Introduction 

This tutorial introduces the bq2010 Gas Gauge IC (sec- 
ondary battery available charge monitor). The tutorial 
should be used with the bq2010 data sheet when design- 
ing with or evaluating the bq2010. 

The bq2010 Gas Gauge IC is a complete battery monitoring 
product for NiMH and NiCd batteries. The bq2010 16-pin 
SOIC provides significant advantages: 

■ A complete single-chip system solution for in- 
the-pack monitoring of a battery's available 
charge 

■ No battery technology expertise required 

■ Minimal engineering required, typically a single 
PCB layout specific to the application 

■ No software required for stand-alone battery-pack 
applications 

■ Single-wire serial interface for communication with 
an external processor to implement a customized 
display 

■ Direct LED display drive 

This tutorial describes capacity monitoring, compares 
Unitrode's gas gauge solutions to microprocessor-based 
implementations, describes device operation in general 
terms, and addresses implementation issues. 

Available Charge Monitoring 

Rechargeable batteries are used in many different appli- 
cations, from cellular phones, portable computers, and 
medical equipment to power tools. The operating envi- 
ronment of these batteries covers a wide range of tem- 
peratures; therefore, battery efficiency changes due to 
battery temperature and rate of charge or discharge. 
The bq2010 compensates for both temperature and 
charge/discharge rate continuously. 


The battery available charge can be displayed on LEDs 
and can be accessed via the serial port. The calculated 
available charge of the battery is also compensated ac- 
cording to battery temperature because the actual avail- 
able charge is reduced at lower temperatures. For 
example, if the bq2010 indicates that the battery is 60% 
full at a temperature of 25°C, then the bq2010 indicates 
40% full when cooled to 0°C, which is the predicted 
available charge at that temperature. When the tem- 
perature returns to 25°C, the displayed capacity returns 
to 60%. This ensures that the indicated capacity is al- 
ways conservatively representative of the charge avail- 
able for use under the given conditions. 

The bq2010 also adjusts the available charge for the 
approximate internal self-discharge that occurs in 
NiCd or NiMH batteries. The self-discharge adjust- 
ment is based on the selected rate, elapsed time, bat- 
tery charge level, and temperature. This adjustment 
provides a conservative estimate of self-discharge 
that occurs naturally and that is a significant source 
of discharge in systems that are not charged often or 
are stored at elevated temperatures. 

Comparing bq2010 Solution 
with MCU-Based Implementa- 
tions 

Low-power, single-chip microprocessors such as those 
available from Motorola, Toshiba, NEC, and others have 
been used to implement gas gauges in battery-powered 
equipment, notably camcorders and laptop computers. 
Although adequate, these implementations require ex- 
tensive development efforts to be suitable for use in a 
battery pack, and even then, require significant space in 
the pack because of the high component count. 

The bq2010 by comparison offers efficiency, ease of use, 
simplicity of design, and low component count. With 
careful PCB layout, the bq2010 system can fit in the 
space between AA batteries. Table 1 compares the 
bq2010 and a typical MCU gas gauge implementation. 
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bq2010 Operation 

Gas gauging is accomplished by measuring the charge 
input to and subsequently removed from a battery. This 
is done by monitoring the voltage drop across a low- 
value resistor (typically 20 to lOOmG) during charge 
and discharge. This voltage is integrated over time, 
scaled, and used to drive two 16-bit internal counters: 

■ Nominal Available Charge (NAC) counter — represents 
the amount of charge available from the battery. 

■ Discharge Count Register (DCR) — represents the 
amount of charge removed from the battery since it 
was last full. 

Also, the Last Measured Discharge (LMD) register is an 
eight-bit register used to store the most recent count 
value representing “battery full.” 

In a typical situation, the Unitrode Gas Gauge ICs are 
installed in a battery pack containing unconditioned 
batteries with an unknown charge state. 


On application of power to the bq2010, the following as- 
sumptions are made: 

■ The battery is empty; therefore, the NAC is zero. 

■ The battery's storage capacity is the Programmed 
Full Count (PFC) as specified by the programming 
inputs, which are loaded into the LMD. 

The actual storage capacity of the battery has yet to be 
determined. The battery capacity can be learned by 
charging the battery until NAC = LMD (LMD = PFC on ^ 
initialization) and then discharging the battery until 
the cell voltage reaches the End-of-Discharge Voltage 
(EDV1) threshold (1.05V for the bq2010). As discharge 
occurs, the bq2010 tracks the amount of charge removed 
from the battery in the DCR. The new battery capacity 
(DCR) is transferred to the LMD if no partial charges 
have occurred, the temperature is above 10°C, and self- 
discharge accounts for less than 8 to 18% of the DCR 
when EDV1 was reached. The valid discharge flag 
(VDQ) in the bq2010 indicates whether the present dis- 
charge is valid for LMD update. 


Table 1. Comparing bq2010 and MCU Implementations 


Feature 

MCU Implementation 

bq2010 Solution 

Small size 

» 1 square inch; 
requires extra battery pack space 

< 1 square inch; 
fits between batteries 

Operating current 
(not including LEDs) 

Typically > 1mA awake; 
as low as IOjliA asleep 

125gA typical 

LED display 

Yes 

Yes 

Serial I/O 

Depends on programming 

Yes 

Programmable capacity 

Depends on programming 

Yes 

Self-discharge 

Generally not implemented 

Yes, with temperature compensations 

Charge, discharge rate 
compensations 

Generally not available but 
depends on programming 

Yes 

Charge, discharge 
temperature compensations 

Generally not available but 
depends on programming; 
requires a thermistor 

Yes, uses internal temperature sensor 

Programming requirements 

Extensive MCU programming 
required for gas gauge functions; 
possible host programming, algorithm de- 
velopment, and software testing 

No programming for stand-alone 
applications; small host code for 
serial I/O applications 

Hardware design 
requirements 

Extensive low-power-design, op amp, 
analog switch, MCU, resonator, low- 
power regulator, LEDs, sense resistor; 
component count = 56 typical 

No engineering required; 
component count = 23 typical: 
bq2010, nFET, LEDs, sense resistor, pro- 
gramming resistors and capacitors 
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Discharging Before the First Charge 

Most battery pack manufacturers will assemble their 
packs with the bq2010 and ship the packs without 
charging. When the customer receives a new pack, the 
gas gauge indicates EMPTY, and the customer then 
charges the pack until it indicates full. It is possible 
that fast-charge terminates before the gas gauge shows 
full because the available capacity of the battery was 
not zero. 

The battery pack manufacturer may want to instruct 
the user to discharge the battery to EDV before charg- 
ing. Once this condition is reached, the battery can be 
fast-charged until termination — allowing NAC to count 
up to LMD. Now, the gas gauge is synchronized with 
the battery and learns the true battery capacity on the 
next valid discharge cycle. 

For applications with LED displays, the complete dis- 
charge of the battery pack is indicated by LED X blink- 
ing. For applications using the serial I/O port, complete 
discharge is indicated when the final end-of-discharge 
voltage (EDVF) flag is set. 

To ensure that the bq2010 accurately predicts the 
amount of available charge, battery pack manu- 
facturers should instruct their end-users to com- 
pletely discharge a new battery pack and then 
charge it until the charger terminates. 

Alternatively, the NAC can be written with an estimated 
battery capacity during pack assembly or testing. The 
user may then charge the battery so NAC = LMD. The ac- 
tual capacity is “learned” on the next valid discharge. The 
appropriate value must be written into the NAC register 
for proper operation. 

Using the bq2010 

The bq2010 IC is simple to use and implement into a 
system. Figure 1 shows the bq2010 configured for full 
functionality. Almost all of the external connections and 
components are optional , as indicated by the dotted 
lines. For example, most stand-alone applications do 
not need the EMPTY pin connection or the DQ port. 

All the external components can be surface-mounted. 
The sense resistor could fit in the space between most 
cells, and the populated PCB may fit in that space with 
the correct layout. A bq2010 Gas Gauge IC could, there- 
fore, be added to existing battery packs with little re- 
tooling of plastics. 


Monitoring the Battery 

To determine and track the charge state of the battery, 
the bq2010 monitors both the divided battery voltage 
and the voltage drop across the sense resistor. 

The divided battery voltage (V SB ) is provided by a resis- 
tor-divider that divides the battery pack voltage down 
to a single-cell voltage. V SB is primarily used to deter- 
mine when the battery has reached the EDV1 threshold 
so that the new battery capacity determined during dis- 
charge may be saved in the LMD. Vg B is also used for 
EDVF determination, battery-removed indication, and 
battery-replaced indication. 

The battery current is monitored using a low-value 
sense resistor attached to the negative terminal of the 
battery. The current through the resistor generates a pro- 
portional voltage drop, Vg R , which is provided to the SR 
input of the bq2010. 

Picking a Sense Resistor 

The sense resistor is used to measure the current flow- 
ing into or out of the battery. The sense resistor value 
depends on the currents being measured. The bq2010 
specification for V SR ranges from a maximum of 2.0V 
for charging to -300mV for discharging. The offset error 
for the bq2010 relative to V SR is ± 150(liV. 

In general, a sense resistor should be selected so that: (a) 
the voltage drop across that resistor exceeds 5 to 7mV for 
the lowest current representing the majority of the bat- 
tery drain, and (b) the lowest practical V SR voltage drop 
is achieved to maximize the useful voltage available 
from the battery pack. 

For example, Table 2 summarizes the approximate cur- 
rent requirements for a laptop computer application. 
The majority of the battery capacity is used in run (no 
disks) mode. The next largest amount of battery capac- 
ity is used in run (with disks) mode, with suspend mode 
consuming the least amount of battery capacity, even 
though it makes up the largest block of time. 

If a 0.1Q sense resistor is used, the voltage input to SR is 
as shown. This means that for both run modes, the inte- 
grator repeatability error is a maximum of 2% because 
I V BR | is well above 30mV. Although the repeatability error 
associated with suspend mode is approximately 5%, its to- 
tal error contribution is only 0.5% because suspend mode is 
responsible for only 10% of the total consumption. 
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bq2010 
Gas Gauge 1C 


SEG-j/PROG-| 

seg 2 /prog 2 

SEG3/PROG3 

SEG4/PROG4 

SEG5/PROG5 

SEGe/PROGe 


" I vcc f RB ' 


Indicates optional. 


l_Lj i_!_j 


Charger 


Directly connect to Vqq across 3 or 4 cells (3 to 5.6V nominal) 
with a resistor and a Zener diode to limit voltage during charge. 

Otherwise, R1, Cl, and Q1 are needed for regulation of >4 cells. 

The value of R1 depends on the number of cells. 

Programming resistors (6 max.) and ESD-protection diodes are not shown. 


R-C on SR may be required, application-specific. 


FG201001.eps 


Figure 1. bq2010 Application Diagram — LED Display 


Table 2. Approximate Laptop Computer Current Requirements 


Current (A) | 0.1 Q Voltage Drop (mV) | Time (min.) 


% of Battery Usage 
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Selecting PFCs 

When the bq2010 is first connected to the battery pack, 
a Programmed Full Count (PFC) representing the ini- 
tial full battery capacity is loaded into the LMD. To se- 
lect this PFC, determine the initial full battery capacity 
value in mVh by multiplying the manufacturer's battery 
capacity rating in mAh by the sense resistor value: 

mVh = mAh * R SNS 

Find the nearest corresponding value in Table 3 that is 
less than the calculated mVh value, and then set the 
programming pin levels to select the Programmed Full 
Count (PFC), scale, and scale multiplier associated with 
that value. 

Nine PFC settings are available using PROG! and 
PROG 2 , which together with scale (PROG 3 and PROG 4 ) 
settings provide a wide range of initial full battery val- 
ues. (PROG 5 is used to select the self-discharge com- 
pensations for either NiMH or NiCd batteries; PROG 6 
is used to determine the display mode of the bq2010 as 
described on page 6.) 

For example, if a 0.1Q sense resistor is being used, and 
the battery is rated at llOOmAh, then the initial full 
battery value is llOmVh. The nearest available value 
that is less than llOmVh from Table 3 is 106mVh, 


which corresponds to PROG! = Z, PROG 2 = Z , PROG 3 = 
L, and PROG 4 = L. 

Note that some cells in Table 3 have identical initial full 
battery values. For example, 141mVh can be found two 
places: 

■ Example 1: PROG! = L, PROG 2 = L, PROG 3 = Z, 
PROG4 = L = 141mVh 

■ Example 2: PROG x = H, PROG 2 = Z, PROG 3 = L, 
PROG4 = L = 141mVh 

Example 1 corresponds to a PFC of 22528 of 65535 possible 
counts (34.4%). This means that, in all likelihood, a major- 
ity of the counter range will remain unused. Counter reso- 
lution could be increased by using the settings in example 
2. In this case, the PFC is 45056 of 65535 counts (68.8% of 
range). In general, when faced with a choice, it is better to 
pick the finer resolution (that is, a larger PFC). 

PROG3 and PROG4 inputs determine the scale to be 
used by the bq2010. Together these two pins determine 
the mVh value of a single NAC count. Thus, for any 
given PFC selected by PROGi and PROG 2 , the capacity 
represented by that PFC (in mVh) is given by: 

PFC * scale 

Note that the scale value is given for a PROG 3 , PROG 4 
pair at the top of each column in Table 3. 


Table 3. bq2010 Programmed Full Count mVh Selections 


PROG x 

Pro- 

grammed 

Full 

Count 

(PFC) 

PROG 4 = L 

PROG4 = Z 

Units 

1 

2 

PROG3 = H 

PROG3 = Z 

PROG3 = L 

PROG3 = H 

PROG3 = Z 

PROG3 = L 

- 

- 

- 

Scale = 
1/80 

Scale = 
1/160 

Scale = 
1/320 

Scale = 
1/640 

Scale = 
1/1280 

Scale = 
1/2560 

mVh / 
count 

H 

H 

49152 

614 

307 

154 

76.8 

38.4 

19.2- 

mVh 

H 

Z 

45056 

563 

282 

141 

70.4 

35.2 

17.6 

mVh 

H 

L 

40960 

512 

256 

128 

64.0 

32.0 

16.0 

mVh 

Z 

H 

36864 

461 

230 

115 

57.6 

28.8 

14.4 

mVh 

Z 

Z 

33792 

422 

211 

106 

53.0 

26.4 

13.2 

mVh 

Z 

L 

30720 

384 

192 

96.0 

48.0 

24.0 

12.0 

mVh 

L 

H 

27648 

346 

173 

86.4 

43.2 

21.6 

10.8 

mVh 

L 

Z 

25600 

320 

160 

80.0 

40.0 

20.0 

10.0 

mVh 

L 

L 

22528 

282 

141 

70.4 

35.2 

17.6 

8.8 

mVh 

VSR equivalent to 2 
counts/sec. (nom.) 

90 

45 

22.5 

11.25 

5.6 

2.8 

mV 
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Using the Programming Pins 

The bq2010 is programmed through the LED display 
pins during a special programming cycle that occurs 
during power-up or during a device reset. 

Programming Without LED Display 

In applications where the LED display is not used, pro- 
gramming is very simple. The bq2010 may be pro- 
grammed by tying each programming pin directly to the 
appropriate level: 

H = V CC 

Z = open 

L = V SS 

LED outputs must be disabled by tying DISP to V cc - 
LOOM may remain open. 

Programming With LED Display 

When the LED display is used, it is necessary to provide 
programming information with either a pull-up resistor 
to V cc , a pull-down resistor to V ss (200KI2 value in ei- 
ther case), or no resistor at all. The logic states are set 
as follows: 

H< 200Kto V cc 

Z = no resistor 

L < 200K to Vgg 

LOOM must be used to provide power to the LEDs so 
that they may be disabled during reading of the pro- 
gramming resistors (see Figure 1). 

Selecting Battery Chemistry 

PROG 5 is used during power-up to select self-discharge 
compensations for either NiMH or NiCd batteries. 
PROG 5 = Z for NiCd and L for NiMH batteries. 

Using the LED Display 

The bq2010 supports 6 LEDs that display a gauge of 
available battery charge. LEDs 1 through 5 provide 
20% step indication of charge, while the sixth LED indi- 
cates “overfull” when the display is operating in abso- 
lute mode (PROG 6 = Z). 


Selecting Display Mode 

PROG 6 is used during power-up to determine the dis- 
play mode of the bq2010. The bq2010 uses either abso- 
lute or relative battery charge state as described below 
(PROG 6 = Z or L, respectively). 

The display indicates available battery charge as a per- 
centage of “battery full.” This is based on the current 
LMD value (“relative” mode) or on the PFC value (the 
initial battery capacity value programmed, “absolute” 
mode). Relative mode is for applications where the cus- 
tomer does not want to see on the display the decline in 
battery capacity following many charge/discharge cy- 
cles. Absolute mode is for applications when the cus- 
tomer wants each segment to represent a fixed amount 
of charge. 

Display Activation 

The LED display is normally maintained in the OFF 
state to conserve battery power. It is activated during a 
high rate of battery charge and d ischarge if DISP is 
floating, or continuously if the DIS P pin is pulled to v ss . 
When the display is not used, the DISP pin can be tied 
to V G c to disable the display and allow the pins to be 
used strictly as programming pins. 

LED Supply 

The current source for the LEDs is provided through 
the LOOM pin in all applications, because the program- 
ming inputs and the LED outputs share common pins. 
When the bq2010 is initially powered-up, the LOOM 
output is disabled, thus allowing the pins to be sensed 
for the presence of programming resistors tied to V cc or 
V ss (see Figure 1). 

Standard LEDs such as the Sharp PR series should pro- 
vide adequate performance at low cost. For better re- 
sults, customers could use a high-brightness LED (low 
current) such as the more expensive Sharp LR or UR se- 
ries. The suitability of any particular LED depends not 
only on its luminosity at rated current, but also the 
packaging and lensing technique used (very important 
in concentrating viewable energy, especially for 
high-ambient-light conditions). 
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Using the DQ Serial Port 

The bq2010 is also equipped with a bidirectional single- 
line serial I/O port (DQ) that allows it to conveniently 
communicate with a host processor. 

Data Interface 

The DQ serial port allows the implementation of gas 
gauge functions without the need for the LED display. 
For example, in cellular telephone and laptop computer 
applications, the LED display is not needed because an 
LCD is available. The host processor in these cases can 
simply obtain the gas gauge display step and the tem- 
perature over the serial port and use these to indicate 
available charge. The gas gauge step data is a 4-bit 
value that represents 1 of 16 possible steps (6.25% of 
full per step), giving a greater possible display accuracy 
than is possible with the LED display. 

In a more sophisticated approach, the host may obtain 
the NAC, LMD, temperature, and operational status 
flags, and then use these to customize and display func- 
tions and features. 

Battery Pack Testing 

The DQ serial port is also useful for final testing of as- 
sembled battery packs. The bq2010 can be exercised 
from a host processor over the DQ serial port — allowing 
the host to directly control the state of the LED output 
pins and the EMPTY pin. The state of the programming 
pins may also be checked. A battery ID byte (stored in 
on-chip RAM) allows the manufacturer to identify bat- 
tery types. 

Using the EMPTY Pin 

The EMPTY pin provides external control for automatic 
load disconnection on low battery, preventing deep dis- 
charge. It activates when V SB drops below the EDVF 
threshold. 

Supplying Power to the Part 

The V cc specification for the bq2010 is: 

3.0V < V cc < 6.5V 

This may be achieved in several ways under various 
battery configurations. 

Direct Battery Power 

The bq2010 may be powered directly from the batteries 
in configurations of 3 or 4 cells. When using unregu- 
lated direct battery power, ensure that the battery volt- 
age does not exceed the maximum of 6.5V or fall below 
the minimum operational value of 3.0V. 

7/7 


Direct unregulated power supply should be limited to 
situations where varying or pulsed load conditions dur- 
ing discharge or charge do not cause battery voltage 
spikes. Such spikes typically result when batteries 
drive switching power supplies that use inductive stor- 
age, or when start-up transients in motors produce sig- 
nificant voltage spikes on the battery. 

Low-Cost nFET Regulator 

Most applications require some kind of voltage regula- 
tor to supply V cc within specifications over a broad 
range of battery voltage conditions. The bq2010 pro- 
vides support for a low-cost regulator circuit consisting 
of an nFET and the on-chip reference voltage V REF . 

Across temperature, V REF ranges from 4.5V to 7.5V, 
given an I REF of 5pA, where: 

Vcc = V REF - V GS 

where V GS is the gate-source voltage of the nFET, Ql. 
When the battery voltage drops below V REF , the R1 /R ref 
divider determines V C c- A low-threshold nFET exhibiting 
a maximum V GS of 0.8 to 1.5V may be adequate for this 
circuit. An example is the BSS138ZX from Zetex. The cor- 
rect choice for R x is a function of the number of cells in 
the battery pack. Table 4 lists different values for R 1 for 
various battery packs. 


Table 4. Reference Bias Resistor R 1 
Selection 


Assuming a Nominal Ql V G s = 1.5V 


Number of Cells 

ri (a) 

5 

33K 

6 

100K 

7 

180K 

8 

240K 

9 

300K 

10 

390K 

11 

430K 


Split Battery Configurations 

When a battery pack contains a large number of cells, 
the bq2010 may be operated from a small number of 
cells inside the larger pack. This is possible as long as 
the current required for LED operation does not signifi- 
cantly reduce the available charge of the small cell clus- 
ter relative to the available charge of the other cells in 
the pack. Generally, it is best not to use the bq2010 dis- 
play in this configuration. 
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Battery-Management Modules Selection Guide 


y 


Unitrode’s battery management module products provide true turn-key solutions for capacity monitoring and charge 
control of NiCd, NiMH, Li-Ion, or Rechargeable Alkaline battery packs. Designed for battery pack integration, the 
small boards contain all necessary components to easily implement intelligent or smart battery packs in a portable 
system. The wide selection of boards offers battery monitoring, capacity tracking, charge control, and remaining ca- 
pacity communication to the host system or user. The boards are fully tested and provide direct cell connections for 
simple battery packs. 

> Turnkey solutions for intelligent or smart batteries for 
portable equipment 

— Computers, cellular phones, and camcorders 

— Handheld terminals 

— Communication radios 
— Medical and test equipment 
— Power tools 


> Capacity monitoring and charge control 

> Pushbutton-activated LED capacity indication 

>* Designed for battery pack integration 

— Small size 

— Low power 

— Direct cell connections 


Battery 

Technology 

Key Features 

Part 

Number 

Page 

Number 


Capacity monitoring, LED indication, serial communications port 

bq21 10 

5-2 

NiCd/NiMH 

Capacity monitoring, slow-charge control, LED indication, serial com- 
munications port 

bq21 12 

5-14 

Capacity monitoring, charge control output, LED indication, serial 
communications port 

bq21 14 

5-24 


Capacity monitoring and fast charge control 

bq2164 

5-71 

NiCd 

Capacity monitoring for high discharge rates, LED indication 

bq21 1 1 L 

5-8 

NiCd/NiMH, 
Lead Acid 

Capacity monitoring, LED indication, single-wire serial communica- 
tions port 

bq21 13H+ 

5-20 


Capacity monitoring, Smart Battery data set and interface, LED 
indication, pack supervision, 4-segment LED indication 

bq2148 

5-40 

Li-Ion 

Capacity monitoring, LED indication, serial communications port 

bq2150 

bq2150H 

5-47 

5-53 

Pack supervision: overvoltage, undervoltage, and overcurrent control 

bq2158 

bq2158T 

5-57 

5-64 


Capacity monitoring, 3- or 4-cell pack supervision, and LED 
indication 

bq2167+ 

bq2168+ 

5-77 

5-85 

NiCd/NiMH/ 
Lead Acid/ 
Li-Ion 

Capacity monitoring, Smart Battery data set and interface, 

5- segment LED indication 

bq2145 

5-34 

Capacity monitoring, Smart Battery data set and interface, 4-segment 
LED indication 

bq219XL 

5-93 

Any 

Charge and discharge counting, serial communication port, single- 
wire interface 

bq21 18 

5-30 


+ New Product 
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_ UNITRODE 


bq2110 


NiCd or NiMH Gas Gauge Module 


Features 

>► Complete bq2010 Gas Gauge solution for NiCd or 
NiMH battery packs 

>- Battery information available over a single-wire 
bidirectional serial port 

>- Battery state-of-charge monitoring for 4- to 12-cell 
series applications 

>- On-board regulator allows direct connection to the 
battery 

>► “LT version includes push-button activated LEDs to 
display state-of-charge information 

>■ Nominal capacity and cell chemistry pre-configured 

>► Compact size for battery pack integration 

General Description 

The bq2110 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2110 incorporates a bq2010 Gas Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 4 
to 12 series cells. The bq2110L includes six surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the learned capacity (relative mode) or pro- 
grammed capacity (absolute mode). The sixth LED is 
used in absolute mode to represent an overfull condition 
(charge above the programmed capacity). The LEDs are 
activated with the onboard push-button switch. 

Contacts are provided on the bq2110 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
munications port (DQ), and the empty indicator 
(EMPTY). Please refer to the bq2010 data sheet for the 
specifics on the operation of the Gas Gauge. 

Unitrode configures the bq2110 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, and the LED display mode. 



A module development kit is also available for the 
bq2110. The bq2110B-KT or bq2110LB-KT includes one 
configured module and the following: 

1) An interface board that allows connection to the se- 
rial port of an AT-compatible computer. 

2) Menu-driven software with the bq2110 to display 
charge/discharge activity and to allow user inter- 
face to the bq2010 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 

PI DQ/Serial communication port 

P2 BAT+/Battery positive/pack positive 

P3 No connect 

P4 EMPTY/Empty indicator output 

P5 GND/Ground 

P6 PACK-/Pack negative 

P7 BAT-/Battery negative 
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Battery Pack 


l~" Cells _ 1 



FG-969 


Figure 1. Module Connection Diagram 


Table 1. bq2110 Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Number of series battery cells (4-12) 

Battery type (NiCd or NiMH) 

Battery pack capacity (mAh) 

Discharge rate into load (3.0 A max) Min. Avg. 

Charge rate (3.0A max) 

Display mode (absolute or relative) 

LEDs and switch (Y/N) 


FAE approval: 


Date: 






bq2110 







bq21 1 0 





bq2110 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Conditions 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 

bq2010 

All other pins 

Relative to Vss 

-0.3 

+7.0 

V 

bq2010 

PSR 

Continuous sense resistor 
power dissipation 

- 

3 

w 

Thru-hole sense resistor 

- 

1 

w 

Surface mount sense resistors 

ICHG 

Continuous charge/ 
discharge current 

- 

3.0 

A 


topr 

Operating temperature 

0 

+70 

°C 

Commercial 

Tstr 

Storage temperature 

-40 

+85 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics <t a = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of series cells in bat- 
tery pack 

4 

- 

12 

- 


BAT+ 

Positive terminal of pack 

GND 

NumCell * 1.2V 

NumCell * 1.8V 

V 


BAT- 

Negative terminal of pack 

GND - 0.3 

- 

GND+2.0 

V 


Icc 

Supply current at BAT+ ter- 
minal (no external loads) 

- 

200 

300 

pA 


Rdq 

Internal pull-down 

500k 

- 

- 

a 1 


IOL 

Open-drain sink current DQ, 
EMPTY 

- 

- 

5.0 

mA 1 


VOL 

Open-drain output low, DQ, 
EMPTY 


- 

0.5 

vl 

IOL < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

Vi 


ViLDQ 

DQ input low 

- 

- 

0.8 

Vl 


Vos 

Voltage offset 

- 

- 

150 

HV 1 



Note: 1. Characterized on PCB, IC 100% tested. 
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bq21 1 0 


DC Voltage Thresholds (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

VeDVF 

Final empty warning 

0.93 

0.95 

0.97 

V 

B AT+/N umCell 1 

Vedvi 

First empty warning 

1.03 

1.05 

1.07 

V 

BAT+mumCell 1 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

BAT+mumCell 1 

VsRO 

Sense resistor range 

-300 


+2000 

mV 

VsR + Vos 2 

VSRQ 

Valid charge 

375 


- 

nv 

VSR + Vos 2 ’ 3 

VSRD 

Valid discharge 

- 

- 

-300 

RV 

VSR + Vos 2 ’ 3 


Notes: 1. At SB input of bq20 10 

2. At SR input of bq2010. 

3. Default value; value set in DMF register. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

1 

2 

Updated Table 1 to include 3.0A limit 

1 

5 

Added 3.0 A maximum continuous charge/discharge current specification 


Note: Change 1 = May 1999 B changes from July 1996. 


Ordering Information 

bq2110 B — 

L Customer Code: 

Blank: = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

L LED Option: 

L = LEDs plus switch 

— Device: 

NiCd or NiMH Gas Gauge Module 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2110LB-001 
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UNITRODE 


bq21 1 1 L 



NiCd Gas 


Features 

>► Complete bq2011 Gas Gauge solution for NiCd 
packs in high discharge rate applications 

> Five surface-mounted LEDs to display 
state-of-charge information 

>► Battery state-of-charge monitoring for 4- to 12-cell 
series applications 

>► On-board regulator allows direct connection to the 
battery 

>- Battery information available over a single-wire 
bidirectional serial port 

V Nominal capacity pre-configured 

>■ Compact size for battery pack integration 

General Description 

The bq2111L Gas Gauge Module provides a complete 
and compact solution for capacity monitoring of NiCd 
battery packs in high discharge rate applications such 
as power tools. Designed for battery pack integration, 
the bq2111L incorporates a bq2011 Gas Gauge IC, five 
surface-mounted LEDs, and the other discrete compo- 
nents necessary to monitor and display accurately the 
capacity of 4 to 12 series cells. The only external compo- 
nent required is a low-value sense resistor connected be- 
tween GND and PACK-. Contacts are also provided on 
the bq2111L for direct connection to the battery stack 
and the serial communications port (DQ). The battery 
stack should be connected between BAT+ and GND. 
Please refer to the bq2011 data sheet for the specifics on 
the operation of the Gas Gauge. 

Unitrode configures the bq2111L based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells and the nominal battery pack ca- 
pacity. The bq211L module uses the absolute LED dis- 
play to indicate battery capacity. In this mode, the 
remaining capacity is represented as a percentage of the 
programmed capacity. 

The bq2111L can operate directly from four series cells 
within the pack using the LBAT+ supply input. For four 
series cell applications or applications using the on- 
board regulator, LBAT+ should be connected to BAT+. 
Please refer to Figure 1 for module connection illustra- 
tions. 


Gauge Module with LEDs 
for High Discharge Rates 



A module development kit is also available for the 
bq2111L. The bq2111LB-KT includes one configured 
module and the following: 

1) An interface board that allows connection to the se- 
rial port of an AT-compatible computer. 

2) Menu-driven software with the bq2111L to display 
charge/discharge activity and to allow user inter- 
face to the bq2011 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 

PI DQ/Serial communication port 

P2 BAT+/Battery positive/Pack positive 

P3 LBAT+/Four-cell power 

P4 PACK-ZPack negative 

P5 GND/Ground 


1/6 


7/96 


5-8 



bq21 1 1 L 


Battery Pack 


Charger 

(a) 4-Cell Supply 


Battery Pack 


-INI' 

1 

| | IHHHHHl 1 


1 

I 

P3 

. P2 

bq2iiiL P4 fa*! 

1 " P3 bq2111L P5 ' 

| ... P2 P4. i 

— 

. J 

PACK- 

L 

PACK+ 

- 

Load < » 

< i Load i 


Charger — 
(b) Regulated Supply 


Figure 1. Module Connection Diagram 
Table 1. bq2111L Module Configuration 


Customer Name: 

Contact: 

Address: 

SalesContact: 

Number of series battery cells (4-12) 
Sense resistor size in mO 1 
Battery pack capacity (mAh) 
Discharge rate(A) 

Charge rate (A) 

FAE approval: 


e: 1 . Sense resistor is not included with board. 





bq21 1 1 L Example Schematic 



BD-343 


Note: 


Schematic shows components which may not be placed on the 
board, depending upon the configuration. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 

bq2011 

All other pins 

Relative to Vss 

-0.3 

+7.0 

V 

bq2011 

Topr 

Operating temperature 

0 

+70 

°c 

Commercial 

Tstr 

Storage temperature 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics (t a = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of series cells in 
battery pack 

4 

- 

12 

- 


BAT+ 

Positive terminal of pack 

GND 

NumCell * 1.2V 

NumCell * 1.8V 

V 


VSR 

Voltage across the sense re- 
sistor, P4 to P5 

-0.3 

- 

2 

V 


Vcc 

Supply voltage (direct cell 
operation) 

LBAT+ 

3.0 

4.8 

7.2 

V 


Icc 

Supply current at BAT+ 
terminal (no external 
loads) 

- 

120 

250 

pA 


Rdq 

Internal pull-down 

500k 

- 

- 

Q 1 


IOL 

Open-drain sink current 

DQ 

- 

- 

5.0 

mA 1 


VOL 

Open-drain output low, DQ 

- 

- 

0.5 

VI 

IOL < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

Vl 


VlLDQ 

DQ input low 

- 

- 

0.8 

VI 


Vos 

Voltage offset 



150 

liV 1 



Note: 1. Characterized on PCB, IC 100% tested. 
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DC Voltage Thresholds (t A = tqpr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedv 

Final empty warning 

0.87 

0.90 

0.93 

V 

BAT+ZNiimCell 1 

VMCV 

Maximum single-cell voltage 

1.95 

2.0 

2.05 

V 

BAT+/NumCelll 

VsRl 

Discharge compensation threshold 

20 

50 

75 

mV 

Vsr + Vos 2 

VSR2 

Discharge compensation threshold 

70 

100 

125 

mV 

VSR + VOS 2 

VSR3 

Discharge compensation threshold 

120 

150 

175 

mV 

Vsr + Vos 2 

VSR4 

Discharge compensation threshold 

220 

253 

275 

mV 

Vsr + Vos 2 

VSRO 

Sense resistor sense range 

-300 

- 

+2000 

mV 

Vsr + Vos 2 

VSRQ 

Valid charge 


- 

-400 

rV 

Vsr + Vos 2 

VSRD 

Valid discharge 

500 

- 

- 

rV 

Vsr + Vos 2 


Notes: 1. At SB input of bq20 11 

2 . At SR input of bq20 1 1 


Ordering Information 

ba21 1 1 L B 


Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 


Package Option: 

B = Board-level product 


Device: 

NiCd Gas Gauge Module with LEDs 


Notes: 


1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2111LB-001 
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UIMITRODE 


bq2112 

NiCd or NiMH Gas Gauge Module 
with Slow-Charge Control 


Features 

>► Complete bq2012 Gas Gauge solution for NiCd or 
NiMH battery packs 

>- Output for slow-charge control of battery pack 

>► Battery information available over a single-wire 
bidirectional serial port 

>- Battery state-of-charge monitoring for 4- to 12-cell 
series applications 

>► On-board regulator allows direct connection to the 
battery 

>- “L” version includes push-button activated LEDs to 

display state-of-charge information 



>► Nominal capacity and cell chemistry pre-configured 
>► Compact size for battery pack integration 

General Description 

The bq2112 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2112 incorporates a bq2012 Gas Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 3 
to 12 series cells. The bq2112L includes six surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the learned capacity (relative mode) or pro- 
grammed capacity (absolute mode). The sixth LED is 
used in absolute mode to represent an overfull condition 
(charge above the programmed capacity). The LEDs are 
activated with the onboard push-button switch. 

Contacts are provided on the bq2112 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
munications port (DQ), the e mpty indicator (EMPTY), 
and the charge control output (CHG). Please refer to the 
bq2012 data sheet for the specifics on the operation of 
the Gas Gauge. 

Unitrode configures the bq2112 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, and the LED display mode. 


A module development kit is also available for the 
bq2112. The bq2112B-KT or bq2112LB-KT includes one 
configured module and the following: 

1) An interface board that allows connection to the se- 
rial port of an AT-compatible computer. 

2) Menu-driven software with the bq2112 to display 
charge/discharge activity and to allow user inter- 
face to the bq2012 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 

PI DQ/Serial communication port 

P2 BAT+/Battery positive/pack positive 

P3 CHG/Charge control output 

P4 EMPTY/Empty indicator output 

P5 GND/Ground 

P6 PACK-/Pack negative 

P7 BAT-/Battery negative 
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bq2112 


Battery Pack 



FG-961 


Figure 1 . Module Connection Diagram 
Table 1. bq2112 Module Configuration 

Customer Name 

Contact: 

Address: 

Sales Contact: 

Number of series battery cells (4-12) 

Battery type (NiCd or NiMH) 

Battery pack capacity (mAh) 

Discharge rate into load (3.0A max.) 

Charge rate (3.0A max) 

Display mode (absolute or relative) 

LEDs and switch (Y/N) 


Phone: 






Min. Avg. 

Max. 








Phone: 


FAE approval 


Date: 
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bq2112 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Conditions 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 

bq2012 

All other pins 

Relative to Vss 

-0.3 

+7.0 

V 

bq2012 

PSR 

Continuous sense resis- 
tor power dissipation 

- 

3 

W 

Thru-hole sense resistor 

- 

1 

W 

Surface mount sense resistor 

ICHG 

Continuous charge/ 
discharge current 

- 

3.0 

A 


topr 

Operating temperature 

0 

+70 

°C 

Commercial 

Tstr 

Storage temperature 

-40 

+85 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics <t a = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of series cells in bat- 
tery pack 

4 


12 

- 


BAT+ 

Positive terminal of pack 

GND 

NumCell * 1.2V 

NumCell * 1.8V 

V 


BAT- 

Negative terminal of pack 

GND - 
0.3 

- 

GND+2.0 

V 


Icc 

Supply current at BAT+ ter- 
minal (no external loads) 

- 

200 

300 

pA 


Rdq 

Internal pull-down 

500k 

- 

- 

Q 1 


IOL 

Open-drain sink current DO, 
EMPTY, CHG 


- 

5.0 

mA 1 


VOL 

Open-drain output low, 

DQ, EMPTY, CHG 

- 

- 

0.5 

VI 

IOL < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

Vl 


VilDQ 

DQ input low 

- 

- 

0.8 

Vl 


Vos 

Voltage offset 

- 

- 

150 

rV 1 



Note: 1. Characterized on PCB, IC 100% tested. 
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DC Voltage Thresholds (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

0.93 

0.95 

0.97 

V 

BAT+VNumCell 1 

Vedvi 

First empty warning 

1.03 

1.05 

1.07 

V 

BAT+mumCell 1 

Vmcv 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

BAT+mumCell 1 

VsRO 

Sense resistor range 

-300 


+2000 

mV 

Vsr + Vos 2 

VSRQ 

Valid charge 

375 


- 

HV 

VSR + VOS 2 ’ 3 

VSRD 

Valid discharge 

- 

- 

-300 


Vsr + Vos 2 ’ 3 


Notes: 1. At SB input of bq20 12. 

2. At SR input of bq20 12. 

3. Default value; value set in DMF register. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

1 

2 

Updated Table 1 to include 3.0A limit 

1 

5 

Added 3.0 A maximum continuous charge/discharge current specification 


Note: Change 1 = May 1999 B changes from Nov. 1997. 


Ordering Information 


bq2112 


Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer specific; assigned by Unitrode 2 


Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


1 Device: 

NiCd or NiMH Gas Gauge Module with Slow-Charge Control 


Notes: 


1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2112LB-002 
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UIMITRODE 


Preliminary bq2113H 


Features 

>- Complete bq2013H Gas Gauge solution for nickel or 
lead acid battery packs 

>- Battery information available over a single-wire 
bidirectional serial port 

>- Battery state-of-charge monitoring for up to 14 
nickel or 12 lead acid series applications 

>- On-board regulator allows direct connection to the 
battery 

>- “L” version includes push-button activated LEDs to 

display state-of-charge information 

>► Nominal capacity pre-configured 

>► Compact size for battery pack integration 

General Description 

The bq2113H Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of nickel or lead 
acid battery packs. Designed for battery pack integration, 
the bq2113H incorporates a bq2013H Gas Gauge IC, a cur- 
rent sense resistor, and all other components necessary to 
accurately monitor and display the capacity of up to 14 
nickel or 12 lead acid cells. 

The bq2113HL includes five LEDs to display remaining 
capacity in 20% increments of the learned capacity. The 
LEDs are activated with the onboard push-button switch. 

Contacts are provided on the bq2113H for direct connec- 
tion to the battery stack (BAT+, BAT-) and the serial 
communications port (HDQ). The RBI input provides 
backup power to the bq2013H in the event that the cells 
are removed or the battery is turned off. The bq2113H 
has a IjliF capacitor onboard connected to RBI to supply 
backup power for about an hour. The RBI input can be 
wired to a single cell to provide prolonged data retention 
times. The ACC input provides an option to enable the 
LED display with an external (active low) signal such as 
from a microcontroller. Please refer to the bq2013H data 
sheet for the specifics on the operation of the Gas Gauge. 

Unitrode configures the bq2113H based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, and the battery chemistry. Figure 1 shows how the 
module connects to the cells. 
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Gas Gauge Module for 
Power-Assist Applications 



A module development kit is also available for the 
bq2113H. The bq2113HB-KT or the bq2113HLB-KT in- 
cludes one configured module and the following: 

1) An EV2200-13H interface board that allows con- 
nection to the serial port of an AT-compatible com- 
puter. 

2) Menu-driven software to display charge/discharge 
activity and to allow user interface to the bq2050 
from any standard Windows 3. lx or 95 PC. 

Pin Descriptions 

PI HDQ/Serial Communications port 

P2 DONE/Done input 

P3 BAT+/Battery positive/pack positive 

P4 ACC/Display activation 

P5 RBI/Register backup input 

P6 GND/Ground 

P7 PACK-/Pack negative 

P8 BAT-/Battery negative 
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Battery Pack 



FG-961 1 


Figure 1. Module Connection Diagram 
Table 1. bq2113H Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 

Sales Contact: Phone: 

Number of series battery cells 

Battery chemistry 

Battery pack capacity (mAh) 

Discharge rate into load (A) min. avg. r 

Charge rate (A) 

Self-discharge compensation (Y/N) 

LEDs and switch (Y/N) 

Display Mode(relative or absolute) 


FAE Approval: 


Date: 






bq2113H Schematic 






Preliminary bq2113H 


bq2113H Board 



04/06/99 


LAYER 1 SIDE SILKSCREEN 
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Ordering Information 

bq2113H B — 

^ — Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


1 Device: 

Gas Gauge Module for Power-Assist Applications 


Notes: 1 . Requires configuration sheet (see Table 1) 

2. Example production part number: bq2113HLB-002 
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UIMITRODB 


bq2114 




Features 


NiCd or NiMH Gas Gauge Module 
with Charge-Control Output 


>► Complete bq2014 Gas Gauge solution for NiCd or 
NiMH battery packs 

>* Charge-control output allows communication to 
external charge controller (bq2004) 

>- Battery information available over a single-wire 
bidirectional serial port 

V Battery state-of-charge monitoring for 4- to 12-cell 
series applications 

>► On-board regulator allows direct connection to the 
battery 

>- “L” version includes push-button activated LEDs to 

display state-of-charge information 

>* Nominal capacity and cell chemistry pre-configured 

>► Compact size for battery pack integration 

General Description 

The bq2114 Gas Gauge Module provides a complete and 
compact solution for capacity monitoring of NiCd and 
NiMH battery packs. Designed for battery pack integra- 
tion, the bq2114 incorporates a bq2014 Gas Gauge IC, a 
current sense resistor, and all other components neces- 
sary to accurately monitor and display the capacity of 4 
to 12 series cells. The bq2114L includes five surface- 
mounted LEDs to display remaining capacity in 20% in- 
crements of the learned capacity (relative mode). The 
LEDs are activated with the onboard push-button 
switch. 

Contacts are provided on the bq2114 for direct connec- 
tion to the battery stack (BAT+, BAT-), the serial com- 
munications port (DQ), the empty indicator (EMPTY), 
and the charge control output (CHG). Please refer to the 
bq2014 data sheet for the specifics on the operation of 
the Gas Gauge. 

Unitrode configures the bq2114 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, and the self-discharge rate. 



A module development kit is also available for the 
bq2114. The bq2114B-KT or bq2114LB-KT includes one 
configured module and the following: 

1) An interface board that allows connection to the se- 
rial port of an AT-compatible computer. 

2) Menu-driven software with the bq2114 to display 
charge/discharge activity and to allow user inter- 
face to the bq2014 from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 

PI DQ/Serial communication port 

P2 BAT+/Battery positive/pack positive 

P3 CHG/Charge control output 

P4 EMPTY/Empty indicator output 

P5 GND/Ground 

P6 PACK-/Pack negative 

P7 BAT-/Battery negative 
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bq2114 



FG211401.eps 

Figure 1. Module Connection Diagram 


Table 1. bq2114 Module Configuration 


Customer Name: 

Contact: 

Address: 

Sales Contact: 

Number of series battery cells (4-12) 
Battery type (NiCd or NiMH) 

Battery pack capacity (mAh) 
Discharge rate into load (3.0A max.) 
Charge rate (3.0A max.) 

LEDs and switch (Y/N) 


FAE approval: _ 
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bq2114 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Conditions 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 

bq2014 

All other pins 

Relative to Vss 

-0.3 

+7.0 

V 

bq2014 

PSR 

Continuous sense resis- 
tor power dissipation 

- 

3 

W 

Thru-hole sense resistor 

- 

1 

w 

Surface-mount sense resistor 

ICHG 

Continuous charge/ 
discharge current 

- 

3.0 

A 


Topr 

Operating temperature 

0 

+70 

°C 

Commercial 

Tstr 

Storage Temperature 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics (ta=topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of series cells in 
battery pack 

4 

- 

12 

- 


BAT+ 

Positive terminal of pack 

GND 

NumCell * 1.2V 

NumCell * 1.8V 

V 


BAT- 

Negative terminal of pack 

GND - 0.3 

- 

GND+2.0 

V 


Icc 

Supply current at BAT+ 
terminal (no external 
loads) 

- 

200 

300 

pA 


Rdq 

Internal pull-down 

500k 

- 

- 

Ql 


IOL 

Open-drain sink current 

DQ, EMPTY, CHG 

- 

- 

5.0 

mA 1 


VOL 

Open-drain output low, 

DQ, EMPTY, CHG 

- 

- 

0.5 

VI 

IOL < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

VI 


VlLDQ 

DQ input low 

- 

- 

0.8 

VI 


Vos 

Voltage offset 

- 

- 

150 

LiVl 



Note: 1. Characterized on PCB, IC 100% tested. 
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DC Voltage Thresholds (ta = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

0.93 

0.95 

0.97 

V 

BAT+yNumCell 1 

VEDV1 

First empty warning 

1.03 

1.05 

1.07 

V 

BAT+/NumCelll 

VmCV 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

BAT+/NumCell 1 

VSRO 

Sense resistor range 

-300 

- 

+2000 

mV 

VSR + Vos 2 

VSRQ 

Valid charge 

375 

- 

- 

HV 

VSR + VOS 2 ’ 3 

VSRD 

Valid discharge 

- 

- 

-300 


VsR + Vos 2 ’ 3 


Notes: 1. At SB input of bq20 14. 

2. At SR input of bq20 14. 

3. Default value; value set in DMF register. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

1 

2 

Updated Table 1 to include 3.0A limit 

1 

5 

Added 3.0A maximum continuous charge/discharge current specification 


Note: Change 1 = May 1999 B changes from Sept. 1996. 


Ordering Information 


bq2114 


B- 


- Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

— Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


— Device: 

NiCd or NiMH Gas Gauge Module with Charge-Control Output 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2114LB-003 
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^ UNITRODE 


Preliminary bq21 1 8 

Power Minder™ Mini-Board 


Features 

>► Complete and compact charge/discharge counter 

>- Combines the bq2018, voltage regulator, sense 
resistor, and backup capacitor on a single PCB 

>► Communicates charge/discharge information to a 
host with a single-wire interface 

>- Designed for battery pack integration 

- Less than 0.5 square inches 

- Small size allows it to fit in the crevice formed 
by two adjacent cells 

- Low operating current 

>► Direct connections for the pack cells and 
communications port 

General Description 

The bq2118 Power Minder mini-board provides a com- 
plete and compact solution for charge and discharge 
counting of all types of battery chemistries, including 
NiCd, NiMH, or Li-Ion batteries. Designed for battery 
pack integration, the bq2118 incorporates a bq2018 
Power Minder IC, supply voltage regulator, sense resistor, 
and backup capacitor on a small circuit board. The mod- 
ule provides direct connections for the positive and nega- 
tive terminals of the series cells in the battery pack, and 
can fit in the crevice formed by two adjacent cells. The 
bq2118 allows a battery pack to be equipped easily with 
accurate charge/discharge counting electronics. 

Unitrode configures the bq2118 based on the informa- 
tion requested in Table 1. The configuration defines the 
battery chemistry, the number of series cells, and the 
charge/discharge current. Figure 1 shows how the mod- 
ule connects to the cells. 



A module development kit is also available for the 
bq2118. The bq2118B-KT includes one configured mod- 
ule and the following: 

1. An EV2200-18 interface board that allows connec- 
tion to the serial port of an AT-compatible com- 
puter. 

2. Menu-driven software to display charge/discharge 
activity and to allow user interface to the bq2118 
from any standard Windows 3.1 or 95 PC. 

Pin Descriptions 

BAT+ Battery positive/pack positive 

BAT- Battery negative 

HDQ Communications port 

PACK- Pack negative 

WAKE Wakeup output 

RBI Register backup input 


Vcc bq 2018 supply voltage 
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Battery Pack 
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Figure 1 . Module Connection Diagram 


Table 1. bq2118 Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Number of series battery cells 

Coke or graphite cell anode 

Battery pack capacity (mAh) 

Discharge rate into load (4.0A max) Min. Avg. Max. 

Charge rate (4.0A max) 

FAE Approval: Date: 
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Preliminary bq2118 


bq 2118 Board 



I AYI K' I 


Ordering Information 


bq2118 B - XXX 


Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 


1 — Package Option: 

B = Board-level product 


1 — Device: 

Power Minder Mini-Board 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2118B-001 
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UIMITROIDE 


Preliminary bq21 45 

Smart Battery Module with LEDs 



Features 

>► Complete smart battery solution for NiCd, NiMH, 
and Li-Ion battery packs 

>► Based on the bq2945 Gas Gauge IC 

>- Accurate measurement of available battery 
capacity 

>► Designed for battery pack integration: 

- Measures only 2.5 (L) x 0.7 (W) inches 

- Includes Gas Gauge IC, configuration 
EEPROM, and sense resistor 

- Five onboard state-of-charge LEDs with 
push-button activation 

- Low operating current for minimal battery 
drain 

>► Critical battery information available over two-wire 
serial port 

General Description 

The bq2145 Smart Battery Module provides a complete 
solution for the design of intelligent battery packs. The 
bq2145 uses the SMBus protocol and supports Smart 
Battery Data commands in the SMB/SBD specifications. 
Designed for battery pack integration, the bq2145 com- 
bines the bq2945 Gas Gauge IC with a serial EEPROM 
on a small printed circuit board. The board includes all 
the necessary components to accurately monitor battery 
capacity and communicate critical battery parameters to 
the host system or battery charger. The bq2145 also in- 
cludes five LEDs. The push-button switch activates the 
LEDs to show remaining battery capacity in 20% incre- 
ments. 

Contacts are provided on the bq2145 for direct connec- 
tion to the battery stack (B+, B-) and the two-wire inter- 
face (C, D). Please refer to the bq2945 data sheet for 
specific information on the operation of the Gas Gauge 
and communication interface. 

Unitrode configures the bq2145 based on the informa- 
tion requested in Table 1. The configuration defines the 
pack voltage, capacity, and chemistry and charge control 
parameters. The Smart Battery Module uses the on- 
board sense resistor to track charge and discharge activ- 
ity of the battery pack. Figure 1 shows how the module 
connects to the cells. 
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A module development kit is also available for the 
bq2145. The bq2145B-KT or the bq2145LB-KT includes 
one configured module and the following: 

1) An EV2200-45 interface board that allows connec- 
tion to the serial port of any AT-compatible com- 
puter. 

2) Menu-driven software to display charge/discharge 
activity and to allow user interface to the Gas 
Gauge IC and serial E 2 PROM from any standard 
Windows 95 or 3. lx PC. 

Pin Descriptions 

B+ BAT+/Battery positive/Pack positive 

P- PACK-/Pack negative 

C SMBC/Communications clock 

D SMBD/Serial data 

B- BAT-/Battery negative 

CP2 Control pin 2 

CPI Control pin 1 
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bq2145 Preliminary 


Table 1. bq2145 Module Configuration 


Customer Name: 

Contact: 

Phone: 



Address: 

Sales Contact: 

Phone: 



Board Configuration 

LEDs and switch 

Yes or No 



Display mode 

Relative or Absolute 



Discharge rate (3.0A max.) Min 

Avg Max 



Duration at max. discharge 




Number of series cells 




EEPROM Configuration 

Remaining time alarm (min) 

Sets the low time alarm level 

Typical Values 
NiMH Li-Ion 

10 min 10 min 

Remaining capacity alarm 

Sets the low capacity alarm level 

C/10 

C/10 

(mAh) 

Charging voltage (mV) 

Sets the requested charging voltage 

65535 

4.1V/cell 

Design cpaacitv (mAh) 

Defines the battery pack capacity 

3000 

3600 

Design voltage (mV) 

Defines the battery pack voltage 

12000 

10800 

Manufacturer date 

Battery pack manufacturer date 

mm/dd/yy 

mm/dd/yy 

Serial number 

Battery pack serial number 

0-65535 

0-65535 

Fast-charging current (mA) 

Sets the requested charging current 

1C 

1C 

Maintenance charging 
current (mA) 

Sets the requested maintenance charging 
current 

C/20 

0 

Li-Ion taper current (mA) 

Sets the upper limit for charge termination 

NA 

C/10 

Maximum overcharge (mAh) 

Sets the maximum amount of overcharge 

256mAh 

128mAh 

Maximum temperature (°C) 

Sets the maximum charge temperature 

61°C 

61°C 

AT/At (°C/min) 

Sets the termination rate 

3°C/3min 

4.6°C/20s 

Fast-charge efficiency (%) 

Sets the fast-charge efficiency factor „ 

95% 

100% 

Maintenance charge effi- 

Sets the maintence charge efficiency factor 

80% 

100% 

ciency (%) 

Self-discharge rate (%/dav) 

Sets the batterys self-discharge rate 

1.5%/day 

0.2%/day 

EDV1 (mV) 

Sets the initial end-of-discharge warning 

1.05V/cell 

3.0V/cell 

EDVF (mV) 

Sets the final end-of-discharge warning 

l.OV/cell 

2.8V/cell 

Hold-off timer for AT/At (sec.) 

Sets the hold off period for AT/At 

180s 

320s 

Manufacturer name 

termination 

Programs manufacturer’s name (11 char. 

bq 

bq 

Device name 

max) 

Programs device name (7 char, max) 

bq36 

bq202 

Chemistry 

Programs pack’s chemistry (7 char, max) 

NiMH 

LION 

Manufacturer data 

Open field (5 char, max) 

2040 

2040 

FAE Approval 


Date: 


i 
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Preliminary bq2145 


Ordering Information 


bq2145 B - XXX 


Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 


Package Option: 

B = Board-level product 

LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


1 — Device: 

Smart Battery Module with LEDs 



Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq2145LB-001 
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^ UNITRQDE 

Smart Battery Module with LEDs 
and Pack Supervisor 


Features 

>- Complete smart battery management solution for 
Li-Ion battery packs 

>- Accurate measurement of available battery 
capacity 

>- Provides overvoltage, undervoltage, and 
overcurrent protection 

>- Designed for battery pack integration: 

- Small size 

- Includes bq2040 and bq2058 ICs, and 
configuration EEPROM 

- On-board charge and discharge control FETs 

- Low operating current for minimal battery 
drain 

Critical battery information available over two-wire 
serial port 

>- "L” version includes 4 push-button activated LEDs 

to display state-of-charge information 

General Description 

The bq2148 Smaart Battery Module provides a complete 
and compact battery management solution for Li-Ion bat- 
tery packs. Designed for battery pack integration, the 
bq2168 combines the bq2040H Gas Gauge IC with the 
bq2058 Supervisor IC on a small printed circuit board. The 
board includes all the necessary components to accurately 
monitor battery capacity and protect the cells from 
overvoltage, undervoltage, and overcurrent conditions. The 
board works with three or four Li-Ion series cells. 

The Gas Gauge IC uses the on-board sense resistor to 
track charge and discharge activity of the battery pack. 
Critical battery information can be accessed through the 
serial communications port at SMBC/SMBD. The 
bq2148 uses the SMBus communications protocol and 
supports the Smart Battery Data Commands in the SBD 
specification. The supervisor circuit consists of the 
bq2058 and two FETs. The bq2058 controls the FETs to 
protect the batteries during charge/discharge cycles and 
short circuit conditions. The bq2168 provides contacts 
for the positive and negative terminals of each battery in 
the stack. Please refer to the bq2040 and bq2058 data 
sheets for the specifics on the operation of the power 
gauge and supervisor ICs. 
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Unitrode configures the bq2168 based on the information 
requested in Table 1. The configuration defines all the 
EEPROM parameters and the protection threshold. Fig- 
ure 1 shows how the module connects to the cells. 

The bq2148L includes four LEDs to display remaining capac- 
ity in 25% increments of the learned capacity. The LEDs are 
activated with the onboard push-button switch. 

A module development kit is also available for the 
bq2148. The bq2148B-KT or the bq2148LB-KT includes 
one configured module and the following: 

1) An EV2200-40 interface board that allows connec- 
tion to the serial port of any AT-compatible com- 
puter. 

2) Menu driven software to display charge/discharge 
activity and to allow user interface to the bq2040 
from any standard Windows 3. lx or 95 PC. 

Pin Descriptions 

POS PACK+/Pack positive 

NEG PACK-/Pack negative 

SMBC Communications clock 

SMBD Serial data 

ITEST Overcurrent test input 

B1P Battery 1 positive input 

BIN Battery 1 negative input 

B2N Battery 2 negative input 

B3N Battery 3 negative input 

B4N Battery 4 negative input 
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Preliminary bq2148 


Table 1. 

bq2148 Module Configuration 


Customer Name: 

Contact: 

Phone: 


Address: 

Sales Contact: 

Phone: 


Board Configuration 

LEDs and switch 

Yes or No 


Display mode 

Relative or Absolute 


Discharge current (3.9A max.) Min 

Avg Max 


Duration at max. discharge 



Overvoltage threshold (4.25, 4.30, or 4.35V) 



Number of series cells 



EEPROM Configuration 

Remaining time alarm (min) 

Sets the low time alarm level 

Typical Values 

10 min 

Remaining capacity alarm 

Sets the low capacity alarm level 

C/10 

(mAh) ' 

Charging voltage (mV) 

Sets the requested charging voltage 

4.1V/cell 

Design cpaacitv (mAh) 

Defines the battery pack capacity 

3600 

Design voltage (mV) 

Defines the battery pack voltage 

10800 

Manufacturer date 

Battery pack manufacturer date 

mm/dd/yy 

Serial number 

Battery pack serial number 

0-65535 

Fast-charging current (mA) 

Sets the requested charging current 

1C 

Maintenance charging 
current (mA) 

Sets the requested maintenance charging 
current 

0 

Li-Ion taper current (mA) 

Sets the upper limit for charge termination 

C/10 

Maximum overcharge (mAh) 

Sets the maximum amount of overcharge 

128mAh 

Maximum temperature (°C) 

Sets the maximum charge temperature 

61°C 

AT/At (°C/mm) 

Sets the termination rate 

4.6°C/20s 

Fast-charge efficiency (%) 

Sets the fast-charge efficiency factor 

100% 

Maintenance charge effi- 

Sets the maintence charge efficiency factor 

100% 

ciency (%) 

Self-discharge rate (%/dav) 

Sets the batterys self-discharge rate 

0.2%/day 

EDV1 (mV) 

Sets the initial end-of-discharge warning 

3.0V/cell 

EDVF (mV) 

Sets the final end-of-discharge warning 

2.8V/cell 

Hold-off timer for AT/At (sec.) 

Sets the hold off period for AT/At 

320s 

Manufacturer name 

termination 

Programs manufacturer’s name (11 char, max) 

bq 

Device name 

Programs device name (7 char, max) 

bq202 

Chemistry 

Programs pack’s chemistry (5 char, max) 

LION 

Manufacturer data 

Open field (5 char, max) 

2040 

FAE approval: 

Date: 
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bq21 48 Preliminary 



Figure 1 . Module Connection Diagram 




Three-Cell Configuration Four-Cell Configuration 

Note: B1 P, B4N, POS, and NEG accomodate a #20 AWG stranded wire. 

BIN, B2N, and B3N accomodate a #24 AWG stranded wire. 

FG2158cc.eps 


Figure 1. Module Connection Diagram 

Absolute Maximum Ratings 



Parameter 

Value 

Unit 

Conditions 

Vop 

Supply voltage (B1P to B4N) 

18 

V 

DC 

Vtr 

Maximum transient voltage (B1P to B4N) 

32 

V 

Maximum duration = 
1.5ps 

VCHG 

Charging voltage (POS to NEG) 

18 

V 


ICHG 

Continuous charge/discharge current 

3.9 

A 

Vop > 6V 

Ta = 25°C 

Topr 

Operating temperature 

0 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 
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bq21 48 Schematic 



AAA 


Component values depend on user-provided information in Table 1 . 





bq2148 Schematic (Continued) 
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bq2148 Preliminary 


DC Electrical Characteristics <t a = t opr ) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

Vop 

Operating voltage, B1P to 
B4N 

4.0 

- 

18 

V 


ICCA 

Operating current 

- 

- 

350 

pA 


Ron 

On resistance, B1P to POS 

- 

- 

50 

mQ 

Ta = 25°c, Vop = iov 


DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

Tolerance 

Unit 

Notes 

Vov 

Overvoltage threshold 

4.25 

± 50mV 

V 


VcE 

Charge enable voltage 

Vov - 100mV 

± 50mV 

V 


Vuv 

Undervoltage limit 

2.25 

± lOOmV 

V 


ioc 

Overcurrent limit 

3.4 


A 

Ta = 25°C 

3.8 


A 

Ta = 60°C 

tUVD 

Undervoltage delay 

950 

±50% 

ms 

Ta = 30°C 

VCD 

Charge detect threshold 

70 

-60, +80 

mV 


tOVD 

Overvoltage delay 

950 

±50% 

ms 

Ta = 30°C 

tOCD 

Overcurrent delay 

12 

+60% 

ms 

Ta = 30°C 


Note: The thresholds above reflect the operation of a bq2148 using the standard bq2058 IC (Vov = 4.25V). 

Specify other versions of the bq2058 by indicating the appropriate Vov threshold in Table 1. 


Ordering Information 

ba21 48 B — 

"T" TT T 

1 — Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


1 Device: 

Smart Battery Module with LEDs and Pack Supervisor 

Notes: 1 . Requires configuration sheet (Table 1) 

2. Example production part number: bq2148LB-001 
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UIMITROD 


bq2150 


Li-Ion Power Gauge™ Module 


Features 

>- Complete bq2050 Power Gauge solution for Li-Ion 
battery packs 

V Battery information available over a single-wire 
bidirectional serial port 

>► Battery state-of-charge monitoring for 2- to 4-cell 
series applications 

>* On-board regulator allows direct connection to the 
battery 

>- “L” version includes push-button activated LEDs to 

display state-of-charge information 

>- Nominal capacity pre-configured 

V Compact size for battery pack integration 

General Description 

The bq2150 Power Gauge Module provides a complete and 
compact solution for capacity monitoring of Li-Ion battery 
packs. Designed for battery pack integration, the bq2150 
incorporates a bq2050 Gas Gauge IC, a current sense re- 
sistor, and all other components necessary to accurately 
monitor and display the capacity of 2 to 4 series cells. 

The bq2150L includes five LEDs to display remaining ca- 
pacity in 20% increments of the learned capacity. The 
LEDs are activated with the onboard push-button switch. 

Contacts are provided on the bq2150 for direct connec- 
tion to the battery stack (BAT+, BAT-) and the serial 
communications port (DQ). The RBI input provides 
backup power to the bq2050 in the event that the cells 
are removed or the battery is turned off. The bq2150 
has a lpF capacitor onboard connected to RBI to supply 
backup power for about an hour. In battery packs that 
use high-side FETs to control the charge/discharge of 
the Li-Ion cells, the RBI input can be wired to a single 
cell to provide prolonged data retention times. The SD 
input allows an external signal (active low) to turn the 
bq2050 IC off to minimize internal current consumption 
of the battery pack and maximize storage life of the pack 
in the system. When turned off, the bq2050 is non- 
functional, and the RBI power source maintains register 
information. Please refer to the bq2050 data sheet for 
the specifics on the operation of the gas gauge. 

Unitrode configures the bq2150 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, and the Li-Ion battery type (coke or graphite anode). 
Figure 1 shows how the module connects to the cells. 
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A module development kit is also available for the 
bq2150. The bq2150B-KT or the bq2150LB-KT includes 
one configured module and the following: 

1) An interface board that allows connection to the se- 
rial port of an AT-compatible computer. 

2) Menu-driven software to display charge/discharge 
activity and to allow user interface to the bq2050 
from any standard DOS PC. 

3) Source code for the TSR. 

Pin Descriptions 

PI DQ/Serial Communications port 

P2 No connect 

P3 BAT+/Battery positive/pack positive 

P4 SD/Shutdown 

P5 RBI/Register backup input 

P6 GND/Ground 

P7 PACK-/Pack negative 

P8 BAT-/Battery negative 


5-47 



bq21 50 


BatteryPack^ __ _ __ _ 

I Ciiis I 



FG-9611 


Figure 1. Module Connection Diagram 


Table 1. bq2150 Module Configuration 


Customer Name: 

Contact: 

Phone: 

Address: 


Sales Contact: 

Phone: 

Number of series battery cells (2-4) 


Coke or graphite cell anode 


Battery pack capacity (mAh) 


Discharge rate into load (3.0A max) Min. 

Ava. Max. 

Charge rate (3.0A max) 


Nominal Available Capacity after reset 


(Programmed Capacity or Zero) 


Self-discharge compensation (Y/N) 


LEDs and switch (Y/N) 


FAE ADDroval: 

Date: 

i 
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bq2150 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Conditions 

Vcc 

Relative to Vss 

-0.3 

+7.0 

V 

bq2050 

All other pins 

Relative to Vss 

-0.3 

+7.0 

V 

bq2050 

PSR 

Continuous sense resis- 
tor power dissipation 


3 

w 

Thru-hole sense resistor 

- 

1 

w 

Surface-mount sense resistor 

ICHG 

Continuous charge/dis- 
charge current 


3.0 

A 


Topr 

Operating temperature 

0 

+70 

°C 

Commercial 

Tstr 

Storage temperature 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 



DC Electrical Characteristics oa = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of series cells in 
battery pack 

2 

- 

4 



BAT+ 

Positive terminal of pack 

GND 

NumCell * 3.6V 

NumCell * 5.4V 

V 


BAT- 

Negative terminal of pack 

GND - 0.3 

- 

GND+2.0 

V 


Icc 

Supply current at BATip 
terminal (no external 
loads) 

- 

200 

300 

HA 


Rdq 

Internal pull-down 

500k 

- 

- 

Q 1 


IOL 

Open-drain sink current 

DQ 

- 

- 

5.0 

mA 1 


VOL 

Open-drain output low, Iol 
DQ 

- 

- 

0.5 

vi 

Iol < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

vl 


VlLDQ 

DQ input low 

- 

- 

0.8 

V 1 


Vos 

Voltage offset 

- 

- 

150 

IxV 1 



Note: 1. Characterized on PCB, IC 100% tested. 
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DC Voltage Thresholds (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

1.45 

1.47 

1.49 

V 

BAT+/(2*NumCell) 1 

Vedvi 

First empty warning 

1.50 

1.52 

1.55 

V 

BAT+/(2*NumCell) 1 

VMCV 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

BAT+/(2*NumCell)l 

VsRO 

Sense range 

-300 

- 

+2000 

mV 

SR,Vsr + V0S 2 

VSRQ 

Valid charge 

210 

- 

- 

nV 

VgR + Vos 2 > 3 

VSRD 

Valid discharge 

- 

- 

-200 

mv 

VsR + Vos 2 ’ 3 


Notes: 1. At SB input of bq2050 

2. At SR input of bq2050. 

3. Default value; value set in DMF register. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

1 

2 

Updated Table 1 to include 3.0A limit 

1 

5 

Added 3.0 A maximum continuous charge/discharge current specification 


Note: Change 1 = May 1999 B changes from April 1999. 


Ordering Information 


bq2150 B 



Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 


I — Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


I Device: 

Li-Ion Power Gauge Module 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2150LB-001 
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UIMITRODE 


Preliminary bq21 50H 

Li-Ion Power Gauge™ Module 



Features 

>► Complete bq2050H Power Gauge solution for Li-Ion 
battery packs 

>- Battery information available over a single-wire 
(HDQ) bidirectional serial port 

>- Control signals to enhance pack protection 

>- Battery state-of-charge monitoring for 2- to 5-cell 
series applications 

>* On-board regulator allows direct connection to the 
battery 

>► “L” version includes push-button activated LEDs to 

display state-of-charge information 

>► Nominal capacity pre-configured 

>- Compact size for battery pack integration 

General Description 

The bq2150H Power Gauge Module provides a complete 
and compact solution for capacity monitoring of Li-Ion bat- 
tery packs. Designed for battery pack integration, the 
bq2150 incorporates a bq2150H Gas Gauge IC, a current 
sense resistor, and all other components necessary to accu- 
rately monitor and display the capacity of 2 to 5 series 
cells. 

The bq2150L includes five LEDs to display remaining ca- 
pacity in 20% increments of the learned capacity. The 
LEDs are activated with the onboard push-button switch. 

Contacts are provided on the bq2150H for direct connec- 
tion to the battery stack (BAT+, BAT-) and the serial 
communications port (HDQ). The RBI input provides 
backup power to the bq2150H in the event that the cells 
are removed or the battery is turned off. The bq2150H 
has a lpF capacitor onboard connected to RBI to supply 
backup power for about an hour. In battery packs that 
use high-side FETs to control the charge/discharge of 
the Li-Ion cells, the RBI input can be wired to a single 
cell to provide prolonged data retention times. The SD 
input allows an external signal (active low) to turn the 
bq2050H IC off to minimize internal current consump- 
tion of the battery pack and maximize storage life of the 
pack in the system. When turned off, the bq2150H is 
non-functional, and the RBI power source maintains 
register information. Please refer to the bq2050H data 
sheet for the specifics on the operation of the Gas Gauge. 

Unitrode configures the bq2150H based on the informa- 
tion requested in Table 1. The configuration defines the 
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number of series cells, the nominal battery pack capac- 
ity, and the Li-Ion battery type (coke or graphite anode). 
Figure 1 shows how the module connects to the cells. 

A module development kit is also available for the 
bq2150. The bq2150HB-KT or the bq2150HLB-KT in- 
cludes one configured module and the following: 

1) An EV2200-50H interface board that allows con- 
nection to the serial port of an AT-compatible com- 
puter. 

2) Menu-driven software to display charge/discharge 
activity and to allow user interface to the bq2150H 
from any standard Windows 3. lx or 95 PC. 

Pin Descriptions 

PI HDQ/Serial Communications port 

P2 PSTAT/Protector status input 

P3 BAT+/Battery positive/pack positive 

P4 SD/Shutdown 

P5 RBI/Register backup input 

P6 GND/Ground 

P7 PACK-/Pack negative 

P8 BAT-/Battery negative 

P9 CFC/Charge FET control output 
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bq2150H Preliminary 


Battery Pack 



FG2150H1.eps 


Figure 1. Module Connection Diagram 


Table 1. bq2150H Module Configuration 


Customer Name: 

Contact: 

Phone: 

Address: 


Sales Contact: 

Phone: 

Number of series battery cells (2-5) 


Coke or qraphite cell anode 


Battery pack capacity (mAh) 


Discharge rate into load (A) min. 

ava. max. 

Charge rate 


Self-discharge compensation (Y/N) 


LEDs and switch (Y/N) 


FAE Aooroval: 

Date: 



2/4 


5-54 





0 §>[> 


Preliminary bq21 50H 


bq 2150 H Schematic 
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TABLE 1 | 

# OF CELLS 

R2 

R6 

R7 

2 

200K 

698K 

100K 

3 

300 K 

1.1M 

100K 

4 

499K 

1.5M 

100K 

5 

1M 

1.3M 

69.8K 


U1 

_1— Ilcom vcc|_4f 


See Table 1 for resistor values. 

For 1 cell configuration install R1 1 and R9, 

for greater than 1 cell configuration install Q1, D6, and R2. 

Sense resistor value depends on application. 

For PSTAT function, install R25 and DIO. 

If not using PSTAT, install OQ jumper at R26. 


R2 BAV99 


MOMENTARY— 

R4 


y/4\^~ B^l/99 

R25 


fA lA f A 





bq2150H Preliminary 


bq2150H Board 



Ordering Information 


bq2150H B — 

Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

— Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 

Device: 

Li-Ion Power Gauge Module 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2150HLB-001 
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UIMITROEDE- 


bq21 58 


Features 


Three or Four Series Cell 
Li-Ion Pack Supervisor Module 


> 

> 


Complete and compact lithium-ion pack supervisor 

Provides overvoltage, undervoltage, and 
overcurrent protection for three or four series 
Li-Ion cells 

Combines bq2058 with charge/discharge control 
FETs 

High side low on-resistance FETs 
Designed for battery pack integration 

- Direct connection for series battery terminals 

- Measures 2.10 X 0.70 inches 
Low standby and operating currents 


General Description 


The bq2158 provides a complete solution for the supervi- 
sion of three or four series Li-Ion cells. Designed for bat- 
tery pack integration, the bq2158 incorporates a bq2058 
Pack Supervisor, two FETs, and all other components re- 
quired to monitor overvoltage, undervoltage, and over- 
current conditions. The board provides direct 
connections for the negative and positive terminals of 
each cell. See Figure 1. Please refer to the bq2058 data 
sheet for specific information on the operation of the 
bq2058. 

Unitrode configures the bq2158 based on the informa- 
tion in Table L 



Pin Descriptions 

B1P Battery 1 positive input/pack positive 

BIN Battery 1 negative input 

B2N Battery 2 negative input 

B3N Battery 3 negative input 

B4N Battery 4 negative input 

POS Pack positive 

NEG Pack negative 


igjiii. 
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bq2158 


Table 2. Pin Connections 


Number of Cells 

On-board bq2058 Configuration 

3 cells 

BATIN tied to BAT IP 

NSEL = Vss 

4 cells 

NSEL = Vcc 


Operation 

The bq2158 monitors each series element for under- 
voltage, over-voltage, and over-current conditions. If a 
cell falls below Vuv for tuvD, the bq2158 enters into 
sleep mode. The bq2158 wakes up and enables discharge 
if a voltage, Vcd higher than the battery voltage, is ap- 
plied across POS and NEG. Charging is disabled if a cell 
exceeds Vov for tovD, and can resume when the cell falls 
below the Vce threshold. The bq2158 turns the dis- 
charge FET off if the steady state load current exceeds 
Ioc for tocD and turns it back on if the load is removed. 


NC 


B1P 

POS 

BIN 


B2N 


B3N 


B4N 

NEG 


Load 

or 

Charger 




B1P 

POS 

BIN 


B2N 


B3N 


B4N 

NEG 


6 

Load 

or 

Charger 

9 


Three-Cell Configuration Four-Cell Configuration 

Note: B1P, B4N, POS, and NEG accomodate a #20 AWG stranded wire. 

BIN, B2N, and B3N accomodate a #24 AWG stranded wire. 

FG2158cc.eps 


Figure 1. Module Connection Diagram 
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bq21 58 Schematic 






bq2158 Board 
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bq21 58 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vop 

Supply voltage (B1P to B4N) 

18 

V 

DC 

Vtr 

Maximum transient voltage (B1P to B4N) 

32 

V 

Maximum duration = 1.5ps 

VCHG 

Charging voltage (POS to NEG) 

18 

V 


ICHG 

Continuous charge/discharge current 

3.9 

A 

Vop > 6V 

Ta = 25°C 

Topr 

Operating temperature 

-30 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics (t a = t opr ) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

Vop 

Operating voltage, B1P to 
B4N 

4.0 

- 

18 

V 


ICCA 

Operating current 


39 

57 

pA 


ices 

Sleep current 


0.7 

1.5 

hA 

No load across POS and 
NEG 

Ron 

On resistance, B1P to POS 

- 

- 

50 

mQ 

Ta = 25°C 

Vop = iov 
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bq2158 


DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

Tolerance 

Unit 

Notes 

Vov 

Overvoltage threshold 

4.25 

± 50mV 

V 


VCE 

Charge enable voltage 

VOV - 100mV 

± 50mV 

V 


Vuv 

Undervoltage limit 

2.25 

± lOOmV 

V 


ioc 

Overcurrent limit 

3.4 


A 

Ta = 25°C 

3.8 


A 

Ta = 60°C 

tUVD 

Undervoltage delay 

950 

±50% 

ms 

Ta = 30°C 

VCD 

Charge detect threshold 

70 

-60, +80 

mV 


tOVD 

Overvoltage delay 

950 

±50% 

ms 

Ta = 30°C 

tOCD 

Overcurrent delay 

12 

±60% 

ms 

Ta = 30°C 


Note: The thresholds above reflect the operation of a bq2158 using the standard bq2058 IC (Vov = 4.25V). 

Specify other versions of the bq2058 by indicating the appropriate Vov threshold in Table 1. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

3 

Table 2 pin connections 

Clarified onboard bq2058 connection. 


Note: Change 1 = May 1999 B changes from July 1996. 


Ordering Information 


bq21 58 B — 

\J "U 

— Customer Code: 

Blank = Sample or Pre-production 1 

XXX = Customer-specific; assigned by Unitrode 2 


1 Package Option: 

B = Board-level product 

Device: 

Three- or Four-Series Cell Li-Ion Supervisor Module 


Notes: 1 . Requires configuration sheet (Table 1) 

2. Example production part number: bq2158B-001 
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UIMITRODB 


Preliminary bq21 58T 

Two Series Cell 
Li-Ion Pack Supervisor Module 


Features 

>► Complete and compact lithium-ion pack supervisor 

>* Provides overvoltage, undervoltage, and 

overcurrent protection for two series Li-Ion cells 

>► Combines bq2058T with charge/discharge control 
FETs 

>► Low side low on-resistance FETs 
>► Designed for battery pack integration 

- Direct connection for series battery terminals 

- Measures 1.70 X 0.70 inches 
>- Low standby and operating currents 

General Description 

The bq2158T provides a complete solution for the super- Pin Descriptions 
vision of two series Li-Ion cells. Designed for battery 
pack integration, the bq2158T incorporates a bq2058T 
Pack Supervisor, two FETs, and all other components re- 
quired to monitor overvoltage, undervoltage, and over- 
current conditions. The board provides direct 
connections for the negative and positive terminals of 
each cell. See Figure 1. Please refer to the bq2058T 
data sheet for specific information on the operation of 
the bq2058T. 

Unitrode configures the bq2158T based on the informa- 
tion in Table 1. IBr 1 

- Wk Ilk* 



B1P 

BIN 

B2N 

POS 

NEG 


Battery 1 positive input 
Battery 1 negative input 
Battery 2 negative input 
Pack positive 
Pack negative 
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Table 1. bq2158T Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Overvoltage threshold (4.25V) 

Charge current (3.8A max.) 

Discharge current (3.8A max.) 

FAE approval: Date:_ 





bq2158T Preliminary 



Note: B1P, B2N, POS, and NEG accomodate a #20 AWG stranded wire. 

BIN accomodates a #24 AWG stranded wire. 

FG2158Tcd.eps 

Figure 1. Module Connection Diagram 


Operation 

The bq2158T monitors each series element for under- 
voltage, over-voltage, and over-current conditions. If a 
cell falls below Vuv for tuvD, the bq2158T enters into 
sleep mode. The bq2158T wakes up and enables dis- 
charge if a voltage, Vcd higher than the battery voltage, 
is applied across POS and NEG. Charging is disabled if 
a cell exceeds Vov for tovD, and can resume when the 
cell falls below the Vce threshold. The bq2158T turns 
the discharge FET off if the steady state load current ex- 
ceeds Ioc for tocD and turns it back on if the load is re- 
moved. 
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bq21 58T Preliminary 






Preliminary bq2158T 


Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vop 

Supply voltage (B1P to B2N) 

12 

V 

DC 

Vtr 

Maximum transient voltage (B1P to B2N) 

32 

V 

Maximum duration = 
1.5ps 

VCHG 

Charging voltage (POS to NEG) 

12 

V 


ICHG 

Continuous charge/discharge current 

3.8 

A 

Vop > 4V 

Ta = 25°C 

Topr 

Operating temperature 

-30 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics <t a = t opr ) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

Vop 

Operating voltage, B1P to 
B2N 

4.0 

- 

12 

V 


ICCA 

Operating current 

- 

26 

43 

pA 


ices 

Sleep current 

- 

0.7 

1.5 

R A 

No load across POS and 
NEG 

Ron 

On resistance, B2N to NEG 



100 

m£2 

Ta = 25°C 

Vop = 4.5V 
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bq21 58T Preliminary 


DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

Tolerance 

Unit 

Notes 

Vov 

Overvoltage threshold 

4.25 

± 50mV 

V 


VeE 

Charge enable voltage 

Vov - lOOmV 

± 50mV 

V 


Vuv 

Undervoltage limit 

2.25 

± lOOmV 

V 


Ioc 

Overcurrent limit 

3.3 


A 

Ta = 25°c 

3 


A 

Ta = 60°C 

tUVD 

Undervoltage delay 

950 

±50% 

ms 

Ta = 30°C 

VCD 

Charge detect threshold 

70 

-60, +80 

mV 


tOVD 

Overvoltage delay 

950 

±50% 

ms 

Ta = 30°C 

tOCD 

Overcurrent delay 

12 

±60% 

ms 

Ta = 30°C 


Ordering Information 


bq2158T B 


Customer Code: 

Blank = Sample or Pre-production 1 

XXX = Customer-specific; assigned by Unitrode 2 


1 Package Option: 

B = Board-level product 

Device: 

Two-Series Cell Li-Ion Supervisor Module 


Notes: 1 . Requires configuration sheet (Table 1) 

2. Example production part number: bq2158TB-001 
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UIMITRODE- 


bq2164 



NiCd or NiMH Gas Gauge Module 
with Fast-Charge Control 


Features 

>► Complete bq2004/bq2014 battery management 
solution for NiCd or NiMH pack 

>► Accurate battery state-of-charge monitoring 

>- Reliable fast charge termination 

>* Automatic full capacity calibration 

>* Battery information available over a single-wire 
bi-directional serial port 

>- Nominal capacity, cell chemistry, and charge control 
parameters pre-configured 

>► Compact size for battery pack integration 

General Description 

The bq2164 Gas Gauge Module provides a complete and 
compact battery management solution for NiCd and NiMH 
battery packs. Designed for battery pack integration, the 
bq2164 combines the bq2014 Gas Gauge IC with the 
bq2004 Fast-Charge IC on a small printed circuit board. 
The board includes all the necessary components to accu- 
rately monitor the capacity and reliably terminate fast 
charge of 5 to 10 series cells. 

The gas gauge IC uses the onboard sense resistor to track 
charge and discharge activity of the battery pack. The fast 
charge IC gates a current-limited or constant-current charg- 
ing supply connected to PACK+. Charging termination is 
based on AT/At or -AV/PVD, maximum temperature, time, 
and voltage. The bq2004 signals charge completion to the 
bq2014 to indicate full capacity. The charge complete signal 
to the gas gauge eliminates the need to fully cycle the bat- 
tery pack to initially calibrate full pack capacity. 

Contacts are provided on the bq2164 for direct connec- 
tion to the battery stack (BAT+, BAT-), the gas gauge's 
communications port (DQ), and the thermistor 
(THERM+, THERM). The thermistor is required for 
temperature fast charge termination. Please refer to the 
bq2004 and bq2014 data sheets for the specifics on the 
operation of the gas gauge and the fast charge ICs. 

Unitrode configures the bq2164 based on the informa- 
tion requested in Table 1. The configuration defines 
the number of series cells, the nominal battery pack 
capacity, the self-discharge rate, and the fast charge 
control parameters. The control parameters depend on 
the charge rate, cell chemistry and termination technique 
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specified in the configuration table. They consist of the fast 
charge hold-off, safety timers, and the pulse trickle rate as 
shown in the bq2004 data sheet. The bq2164 is optimized for 
temperature termination with the thermistor provided with 
the development kit. Figure 1 shows how the module con- 
nects to the cells. 

The sense resistor value and type should also be specified 
on the configuration sheet. The two options available are 
a 3W through-hole type or a 1W surface-mount type. 
Please refer to the application note entitled “A Tutorial for 
Gas Gauging” to select the proper value. 

A module development kit is also available for the 
bq2164. The bq2164B-KT includes one configured mod- 
ule and the following: 

1) A serial interface board that allows connection to 
the RS-232 port of an AT-compatible computer. 

2) Menu-driven software with the bq2164 to display 
charge/discharge activity and to allow user inter- 
face to the bq2014 from any standard DOS PC. 

3) Source code for the TSR. 

4) A Philips 10K NTC Thermistor type 2322-640- 
63103. 

Pin Description 

PI DQ/Serial communication port 

P2 BAT+/Battery positive 

P3 PACK+/Pack positive 

P4 PACK-/Pack negative 

P5 BAT-/Battery negative 

P6 THERM+/Thermistor positive 

P7 THERM/Thermistor negative 

P8 MOD/Fast charge control output 

1/6 


5-71 



bq21 64 



Figure 1. Module Connection Diagram 

Table 1. bq2164 Module Configuration 

Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Number of series battery cells (5-1 0) 

Battery type (NiCd or NiMH) 

Battery pack capacity (mAh) 

Discharge rate into load (2.0A max.) Min. Avg. Max. 

Sense resistor type: 

(Thru-hole (3W) or surface-mount (1 W)) 

Sense resistor size in mft (0.1 Q. standard) 

Fast charge current (2.0A max.) 

Charge voltage (V) 

Temperature termination (enabled/disabled) 

PVD or -AV termination 

FAE Approval Date 
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bq2164 Schematic 



Note: Schematic shows components that may not be placed on the 

board, depending on the configuration. 
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bq2164 


Absolute Maximum Ratings 


Symbol 

Parameter 

Minimum 

Maximum 

Unit 

Notes 

PSR 

Continuous sense resis- 
tor power dissipation 


3 

W 

Thru-hole sense resistor 

- 

1 

W 

Surface-mount sense resistor 

VCHG 

Charging voltage 

- 

20 

V 


Topr 

Operating temperature 

0 

+70 

°c 

Commercial 

TsTR 

Storage temperature 

-40 

+85 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional opera- 

tion should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Expo- 
sure to conditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics (t a = t 0 pr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

NumCell 

Number of cells in battery 
pack 

5 

- 

10 

- 


BAT+ 

Positive terminal of pack 

GND 

NumCell * 1.2V 

NumCell * 1.8V 

V 


BAT- 

Negative terminal of pack 

GND - 0.3 

- 

GND+2.0 

V 


Icc 

Supply current at BAT+ ter- 
minal (no external loads) 

- 

200 

300 

HA 


ICHG 

Charge current 

- 

- 

2 

A 


Idschg 

Discharge current 

- 

- 

2 

A 


Rdq 

Internal pull-down 

500k 

- 

- 

O 1 


IOL 

Open-drain sink current DQ 

- 

- 

5.0 

mA 1 


VOL 

Open-drain output low, DQ 

- 

- 

0.5 

vl 

lOL < 5mA 

VlHDQ 

DQ input high 

2.5 

- 

- 

vi 


VfflDQ 

DQ input low 

- 

- 

0.8 

Vl 


Vos 

Voltage offset 



150 

nV 1 



Note: 1 . Characterized on PCB, IC 100% tested. 
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bq2164 


DC Voltage and Temperature Thresholds <ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Vedvf 

Final empty warning 

0.93 

0.95 

0.97 

V 

BAT+TNumCell 1 

VEDV1 

First empty warning 

1.03 

1.05 

1.07 

V 

BAT+mumCell 1 

VmCV 

Maximum single-cell voltage 

2.20 

2.25 

2.30 

V 

BAlVNumCell 1 

VsRO 

SR sense range 

-300 

- 

+2000 

mV 

Vsr + Vos 2 

VSRQ 

Valid charge 

375 

- 

- 

rV 

VSR + VOS 2 ’ 3 

VSRD 

Valid discharge 

- 

- 

-300 

rV 

Vsr + Vos 2 > 3 

VSRl 

Discharge compensation threshold 

-120 

-150 

-180 

mV 

Vsr + Vos 2 

Tltf 

Low-temperature charging fault 

- 

10 

- 

°C 

Low-temperature charge 
inhibit/terminate" 1 

Thtf 

High-temperature charging fault 

- 

45 

- 

°C 

High-temperature 
charge inhibit 

Vedvc 

Minimum charging cell voltage 

- 

1 

- 

V 

Minimum cell voltage 
to initiate charge 

VMCVC 

Maximum charging cell voltage 

- 

2 

- 

V 

Maximum cell voltage to 
initiate or continue charge 

RAT/At 

AT/At charge termination rate 

- 

1 

- 

°C/ min. 

@30°C 

Ttco 

Maximum charging temperature 

- 

50 

- 

°C 

High-temperature charge 
termination 


Notes: 


1. At SB input of bq2014. 

2. At SR input of bq2014. 

3. Default value; value set in DMF register. 

4. PVD termination disables the low-temperature fault charge termination. 


Ordering Information 


bq21 64 B — 

T“ T T 

— Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

Device: 

NiCd or NiMH Gas Gauge Module with Fast-Charge Control 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2164B-001 
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bq2167 

Li-Ion Power Gauge™ Module 
with Pack Supervisor 


Features 


V Complete and compact lithium ion gas gauge and 
protection solution for three or four series cells 

> Accurate measurement of available battery 
capacity 

> Provides overvoltage, undervoltage, and 
overcurrent protection 

> Designed for battery pack integration 

- Small size 

- Includes bq2050 and bq2058 ICs 

- On-board charge and discharge control FETs 

- Low operating current for minimal battery drain 

> High side FET control 

> Battery capacity available through single-wire 
serial port 

>■ “L” version includes 5 push-button activated LEDs 

to display state-of-charge information 

General Description 

The bq2167 Power Gauge Module provides a complete and 
compact battery management solution for Li-Ion battery 
packs. Designed for battery pack integration, the bq2167 
combines the bq2050 Power Gauge IC with the bq2058 Su- 
pervisor IC on a small printed circuit board. The board in- 
cludes all the necessary components to accurately monitor 
battery capacity and protect the cells from overvoltage, un- 
dervoltage, and overcurrent conditions. The board works 
with three or four Li-Ion series cells. 

The Power Gauge IC uses the on-board sense resistor to 
track charge and discharge activity of the battery pack. 
Critical battery information can be accessed through the 
serial communications port at DQ. The supervisor cir- 
cuit consists of the bq2058 and two FETs. The bq2058 
controls the FETs to protect the batteries during 
charge/discharge cycles and short circuit conditions. The 
bq2167 provides contacts for the positive and negative 
terminals of each battery in the stack. Please refer to 
the bq2050 and bq2058 data sheets for the specifics on 
the operation of the power gauge and supervisor ICs. 

Unitrode configures the bq2167 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, the Li-Ion battery type (coke 
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or graphite anode), and the threshold limits. Figure 1 
shows how the module connects to the cells. 

The bq2167L includes five LEDs to display remaining capac- 
ity in 20% increments of the learned capacity. The LEDs are 
activated with the onboard push-button switch. 

A module development kit is also available for the 
bq2167. The bq2167B-KT or the bq2167LB-KT includes 
one configured module and the following: 

1) An interface board that allows connection to the 
serial port of any AT-compatible computer. 

2) Menu driven software to display charge/discharge 
activity and to allow user interface to the bq2050 
from any standard DOS PC. 

Pin Descriptions 

POS Pack positive 

B1P BATip/Battery 1 positive input 

BIN BATiN/Battery 1 negative input 

B2N BAT 2 N/Battery 2 negative input 

B3N BAT 3 N/Battery 3 negative input 

B4N BAT 4 N/Battery 4 negative input 

ITEST Overcurrent test input 

DQ Serial communications port 

NEG Pack negative 

1/8 
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Battery Pack 



Figure 1. Module Connection Diagram 
Table 1. bq2167 Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Number of series cells (3 or 4) 

Coke or graphite cell anode 

Battery pack capacity (mAh) 

Discharge current into load (3.9A max.) Min. Avg. Max. 

Charge current (3.9A max) 

Self-discharge compensation (Y/N) 

Overvoltage threshold (4.25, 4.30, or 4.35V) 

LEDs and switch (Y/N) 

FAE approval: Date: 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vop 

Supply voltage (B1P to B4N) 

18 

V 

DC 

VTR 

Maximum transient voltage (B1P to B4N) 

32 

V 

Maximum duration = 
1.5ps 

VCHG 

Charging voltage (POS to NEG) 

18 

V 


ICHG 

Continuous charge/discharge current 

3.9 

A 

Vop > 6V 

Ta = 25°C 

Topr 

Operating temperature 

0 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°C 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics <t a = t 0 P r) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

Vop 

Operating voltage, B1P to 
B4N 

4.0 


18 

V 


Icca 

Operating current 

- 

- 

350 

pA 


Ron 

On resistance, B1P to POS 

- 

- 

50 

mQ 

Ta = 25°C 

Vop = iov 
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DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

1 

Tolerance 

Unit 

Notes 

Vov 

Overvoltage threshold 

4.25 

± 50mV 

V 


VCE 

Charge enable voltage 

VOV - lOOmV 

± 50mV 

V 


Vuv 

Undervoltage limit 

2.25 

± lOOmV 

V 


ioc 

Overcurrent limit 

3.4 


A 

Ta = 25°C 

3.8 


A 

Ta = 60°C 

tUVD 

Undervoltage delay 

950 

±50% 

ms 

Ta = 30°C 

VCD 

Charge detect threshold 

70 

-60, +80 

mV 


tOVD 

Overvoltage delay 

950 

±50% 

ms 

Ta = 30°C 

tOCD 

Overcurrent delay 

12 

±60% 

ms 

Ta = 30°C 


Note: The thresholds above reflect the operation of a bq2158 using the standard bq2058 IC (VOV = 4.25V). 

Specify other versions of the bq2058 by indicating the appropriate Vov threshold in Table 1. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

i i 

All 

From Preliminary to Final 



Note: Change 1 = May 1999 B changes from Apr. 1999. 


Ordering Information 


bq2167 


B — 

^ Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


Device: 

Li-Ion Power Gauge Module with Pack Supervisor 


Notes: 1. Requires configuration sheet (Table 1) 
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mm UNITRODE 


bq2168 

Li-Ion Power Gauge™ Module 
with Pack Supervisor 


Features 

> Complete and compact lithium ion gas gauge and 
protection solution for three or four series cells 

> Accurate measurement of available battery 
capacity 

>• Provides overvoltage, undervoltage, and 
overcurrent protection 

>■ Designed for battery pack integration 

- Small size 

- Includes bq2050H and bq2058 ICs 

- On-board charge and discharge control FETs 

- Low operating current for minimal battery drain 

> High side FET control 

> Battery capacity available through single-wire 
serial port 

>- “L” version includes 5 push-button activated LEDs 

to display state-of-charge information 

General Description 

The bq2168 Power Gauge Module provides a complete and 
compact battery management solution for Li-Ion battery 
packs. Designed for battery pack integration, the bq2168 
combines the bq2050H Power Gauge IC with the bq2058 
Supervisor IC on a small printed circuit board. The board 
includes all the necessary components to accurately monitor 
battery capacity and protect the cells from overvoltage, un- 
dervoltage, and overcurrent conditions. The board works 
with three or four Li-Ion series cells. 

The Power Gauge IC uses the on-board sense resistor to 
track charge and discharge activity of the battery pack. 
Critical battery information can be accessed through the 
serial communications port at HDQ. The supervisor cir- 
cuit consists of the bq2058 and two FETs. The bq2058 
controls the FETs to protect the batteries during 
charge/discharge cycles and short circuit conditions. The 
bq2168 provides contacts for the positive and negative 
terminals of each battery in the stack. Please refer to 
the bq2050H and bq2058 data sheets for the specifics on 
the operation of the power gauge and supervisor ICs. 

Unitrode configures the bq2168 based on the informa- 
tion requested in Table 1. The configuration defines the 
number of series cells, the nominal battery pack capac- 
ity, the self-discharge rate, the Li-Ion battery type (coke 



or graphite anode), and the threshold limits. Figure 1 
shows how the module connects to the cells. 

The bq2168L includes five LEDs to display remaining capac- 
ity in 20% increments of the learned capacity. The LEDs are 
activated with the onboard push-button switch. 

A module development kit is also available for the 
bq2168. The bq2168B-KT or the bq2168LB-KT includes 
one configured module and the following: 

1) An EV2200-50H interface board that allows con- 
nection to the serial port of any AT-compatible com- 
puter. 

2) Menu driven software to display charge/discharge 
activity and to allow user interface to the bq2050H 
from any standard Windows 3. lx or 95 PC. 

Pin Descriptions 

POS Pack positive 

B1P BATip/Battery 1 positive input 

BIN BATiN/Battery 1 negative input 

B2N BAT 2 N/Battery 2 negative input 

B3N BAT 3 N/Battery 3 negative input 

B4N BAT 4 N/Battery 4 negative input 

ITEST Overcurrent test input 

HDQ Serial communications port 

NEG Pack negative 
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Battery Pack 



Figure 1. Module Connection Diagram 
Table 1. bq2168 Module Configuration 


Customer Name: 

Contact: Phone: 

Address: 


Sales Contact: Phone: 

Number of series cells (3 or 4) 

Coke or graphite cell anode 

Battery pack capacity (mAh) 

Discharge current into load (3.9A max.) min. avg. max. _ 

Charge current (3.9A max) 

Self-discharge compensation (Y/N) 

Overvoltage threshold (4.25, 4.30, or 4.35V) 

LEDs and switch (Y/N) __ 

FAE approval: Date: 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vop 

Supply voltage (B1P to B4N) 

18 

V 

DC 

Vtr 

Maximum transient voltage (B1P to B4N) 

32 

V 

Maximum duration = 
1.5ps 

VCHG 

Charging voltage (POS to NEG) 

18 

V 


ICHG 

Continuous charge/discharge current 

3.9 

A 

Vop > 6V 

Ta = 25°C 

Topr 

Operating temperature 

0 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con- 
ditions beyond the operational limits for extended periods of time may affect device reliability. 


DC Electrical Characteristics (Ta = Tqpr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

Vop 

Operating voltage, B1P to 
B4N 

4.0 

- 

18 

V 


ICCA 

Operating current 

- 

- 

350 

rA 


Ron 

On resistance, B1P to POS 

- 

- 

50 

mO 

Ta = 25°C 

Vop = iov 
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DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

Tolerance 

Unit 

Notes 

Vov 

Overvoltage threshold 

4.25 

± 50mV 

V 


VCE 

Charge enable voltage 

VOV - lOOmV 

± 50mV 

V 


Vuv 

Undervoltage limit 

2.25 

± lOOmV 

V 


ioc 

Overcurrent limit 

3.4 


A 

Ta = 25°C 

3.8 


A 

Ta = 60°C 

tUVD 

Undervoltage delay 

950 

±50% 

ms 

Ta = 30°C 

VCD 

Charge detect threshold 

70 

-60, +80 

mV 


tOVD 

Overvoltage delay 

950 

±50% 

ms 

Ta = 30°C 

tOCD 

Overcurrent delay 

12 

±60% 

ms 

Ta = 30°C 


Note: The thresholds above reflect the operation of a bq2158 using the standard bq2058 IC (Vov = 4.25V). 

Specify other versions of the bq2058 by indicating the appropriate Vov threshold in Table 1. 


Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

All 

From Preliminary to Final 



Note: Change 1 = May 1999 B changes from Apr. 1999. 


Ordering Information 


bq21 68 


B — 

' — Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX = Customer-specific; assigned by Unitrode 2 

Package Option: 

B = Board-level product 

— LED Option: 

L = LEDs plus switch 
Blank = No LEDs or switch 


Device: 

Li-Ion Power Gauge Module with Pack Supervisor 

Notes: 1. Requires configuration sheet (Table 1) 

2. Example production part number: bq2168LB-001 
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UIMITROOE 


Preliminary bq21 9XL 

Smart Battery Module with LEDs 


Features 

> Complete smart battery solution for NiCd, NiMH, 
and Li-Ion battery packs 

> Based on the bq2092 or bq2040 Gas Gauge IC 

> Ideal for DR35 or DR36 type packs 

> Narrow board fits in the crevice formed by two 
adjacent battery packs 

> Accurate measurement of available battery 
capacity 

> Designed for battery pack integration: 

- Measures only 3.5 (L) x 0.3 (W) inches 

- Includes Gas Gauge IC, configuration 
EEPROM, and sense resistor 

- Four onboard state-of-charge LEDs with 
push-button activation 

- Low operating current for minimal battery 
drain 

> Critical battery information available over two-wire 
serial port 

General Description 

The bq219XL Smart Battery Module provides a com- 
plete solution for the design of intelligent battery packs. 
The bq219XL uses the SMBus protocol and supports the 
Smart Battery Data commands in the SMB/SBD specifi- 
cations. Designed for battery pack integration, the 
bq219XL combines the bq2092 or bq2040 Gas Gauge IC 
with a serial EEPROM on a small printed circuit board. 
The board includes all the necessary components to ac- 
curately monitor battery capacity and communicate 
critical battery parameters to the host system or battery 
charger. The bq219XL also includes four LEDs. The 
push-button switch activates the LEDs to show remain- 
ing battery capacity in 25% increments. 

Contacts are provided on the bq219XL for direct connec- 
tion to the battery stack (B+, B-) and the two-wire inter- 
face (C, D). Please refer to the bq2092 or bq2040 data 
sheet for specific information on the operation of the Gas 
Gauge and communication interface. 

Unitrode configures the bq219XL based on the informa- 
tion requested in Table 1. The configuration defines the 
pack voltage, capacity, and chemistry and charge control 
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parameters. The Smart Battery Module uses the 
onboard sense resistor to track charge and discharge ac- 
tivity of the battery pack. Figure 1 shows how the mod- 
ule connects to the cells. 

A module development kit is also available for the 
bq219XL. The bq219XLB-KT includes one configured 
module and the following: 

1) An EV2200-92 or EV2200-40 interface board that 
allows connection to the serial port of any AT- 
compatible computer. 

2) Menu-driven software to display charge/discharge 
activity and to allow user interface to the Gas 
Gauge IC and serial E 2 PROM from any standard 
Windows 95 or 3. lx PC. 

Pin Descriptions 

B+ BAT+/Battery positive/Pack positive 

P- PACK-/Pack negative 

C SMBC/Communications clock 

D SMBD/Serial data 

B- BAT-/Battery negative 

STAT STAT/No connect 
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Preliminary bq219XL 


Table 1. bq219XL Module Configuration 


Customer Name: 

Contact: Phone:. 

Address: 

Sales Contact: Phone: 


Board Configuration 

IC type bq2040 or bq2092 

LEDs and switch Yes or No 

Display mode Relative or Absolute 

Discharge rate (3.0A max.) Min Avg Max 

Duration at max. discharge 

Number of series cells 


EEPROM Configuration 

Remaining time alarm (min) 

Remaining capacity alarm 
(mAh) 

Charging voltage (mV) 
Design cpaacity (mAh) 
Design voltage (mV) 
Manufacturer date 
Serial number 
Fast-charging current (mA) 
Maintenance charging 
current (mA) 

Li-Ion taper current (mA) 
Maximum overcharge (mAh) 
Maximum temperature (°C) 
AT/At (°C/min) 

Fast-charge efficiency (%) 
Maintenance charge effi- 
ciency (%) 

Self-discharge rate (%/day) 
EDV1 (mV) 

EDVF (mV) 

Hold-off timer for AT/At (sec.) 

Manufacturer name 
Device name 
Chemistry 
Manufacturer data 
FAE Approval: 


Typical Values 



NiMH 

Li-Ion 

Sets the low time alarm level 

10 min 

10 min 

Sets the low capacity alarm level 

C/10 

C/10 

Sets the requested charging voltage 

65535 

4. lV/cell 

Defines the battery pack capacity 

3000 

3600 

Defines the battery pack voltage 

12000 

10800 

Battery pack manufacturer date 

mm/dd/yy 

mm/dd/yy 

Battery pack serial number 

0-65535 

0-65535 

Sets the requested charging current 

1C 

1C 

Sets the requested maintenance charging 
current 

C/20 

0 

Sets the upper limit for charge termination 

NA 

C/10 

Sets the maximum amount of overcharge 

256mAh 

128mAh 

Sets the maximum charge temperature 

61°C 

61°C 

Sets the termination rate 

3°C/3min 

4.6°C/20s 

Sets the fast-charge efficiency factor 

95% 

100% 

Sets the maintence charge efficiency factor 

80% 

100% 

Sets the batterys self-discharge rate 

1.5%/day 

0.2%/day 

Sets the initial end-of-discharge warning 

1.05V/cell 

3.0V/cell 

Sets the final end-of-discharge warning 

l.OV/cell 

2.8V/cell 

Sets the hold off period for AT/At 
termination 

180s 

320s 

Programs manufacturer’s name (11 char, max) 

bq 

bq 

Programs device name (7 char, max) 

bq36 

bq202 

Programs pack’s chemistry (5 char, max) 

NiMH 

LION 

Open field (5 char, max) 

2040 

2040 


Date: 
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bq219XL Preliminary 


bq219XL Schematic 
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10 

909K 

909K 

100K 

2N7002 


12 

909K | 

1M 

CD 

CD 

CO 

2N7002 

_ 
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bq219XL Preliminary 


Ordering Information 


bq21 9XL B-XXX 


Customer Code: 

Blank = Sample or Pre-production 1 
KT = Evaluation system 

XXX - Customer-specific; assigned by Unitrode 2 


' — Package Option: 

B = Board-level product 


1 — Device: 

Smart Battery Module with LEDs 

Notes: 1. Requires configuration sheet (see Table 1) 

2. Example production part number: bq219XLB-001 
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Pack-Protection and Supervisory ICs 



Pack-Protection and Supervisory ICs Selection Guide 


Unitrode Lithium Ion Pack-Protection ICs provide reversible overvoltage, undervoltage, and overcurrent protection for 
lithium ion battery packs. 

> Protects one to four Lithium Ion series cells from > Designed for battery-pack integration 
overvoltage, undervoltage, and overcurrent 

— Small outline package, minimal external 

> User-selectable thresholds mask-programmable by components and space, and low cost 

Unitrode 


Battery 

Technology 

Number of Cells 
Protected 

Protection Types 

Key 

Features 

Pins / 
Package 

Part 

Number 

Page 

Number 


3 or 4 

Overvoltage, 



bq2058 

6-2 



overcurrent, and 
undervoltage 

Very low power 

16/0.150" 

bq2058T 

6-14 


2 

Overcharge, 

Internal 

MOSFET 
(80mQ total) 

SOIC 

UCC391 1 

6-26 

Lithium Ion 

1 

overdischarge, 

overcurrent 

Internal 

MOSFET 
(50mQ total) 

16/0.150" 

TSSOP 

UCC3952+ 

6-32 


3 or 4 

Overvoltage, 

undervoltage, 

overcurrent 

Smart-discharge 

circuitry 

16/0.150" 

SSOP 

UCC3957 

6-37 


1 

Overcharge, 

overdischarge, 

overcurrent 

Internal 

MOSFETS 
(50mQ total) 

16/0.150” 

SOIC 

UCC3958 

6-44 
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UNITRODE 


bq2058 


Lithium Ion Pack Supervisor 
for 3- and 4-Cell Packs 


Features 

> Protects and individually moni- 
tors three or four Li-Ion series 
cells for overvoltage, undervolt- 
age 

> Monitors pack for overcurrent 

> Designed for battery pack inte- 
gration 

> Minimal external components 

> Drives external FET switches 

> Selectable overvoltage (Vov) 

threshilillim^^ ' 

i|!!^ 

- Mask-programmable by 

Unitrode ** 

- Standard version-4.25V 

> Supply current: 25jiA typical 

> Sleep current: 0.7pA typical 
>■ 16-pin 150-mil narrow SOIC 


General Description 

The bq2058 Lithium Ion Pack Super- 
visor is designed to control the charge 
and discharge cell voltages for three or 
four lithium ion (Li-Ion) series cells, 
accommodating batteiy packs contain- 
ing series/parallel configurations. The 
low operating current does not over- 
discharge the cells during periods of 
storage and does not significantly in- 
crease the system discharge load. The 
bq2058 can be part of a low-cost Li-Ion 
charge control system within the bat- 
tery pack. 

The bq2058 controls two external FETs 
to limit the charge and discharge poten- 
tials. The bq2058 allows charging when 
each individual cell voltage is below Vov 
(overvoltage limit). If the voltage on any 
cell exceeds Vov for a use r-config urable 
delay period (tovo), the CHG pin is 
driven high, shutting off charge to the 
battery pack This safety feature pre- 


vents overcharge of any cell within 
the battery pack. After an overvolt- 
age condition occurs, each cell must 
fall below Vce (charge enable voltage) 
for the bq2058 to re-enable charging. 

The bq2058 protects batteries from 
overdischarge. If the voltage on any 
cell falls below Vuv (undervoltage 
limit) for a user -config urable delay pe- 
riod (tuvD), the DSG output is driven 
high, shutting off the battery dis- 
charge. This safety feature prevents 
overdischarge of any cell within the 
battery pack. 

The bq2058 also stops discharge on 
detection of an overcurrent condition, 
such as a short circuit. If an overcur- 
rent condition occurs for a user- 
configurable delay period (tocD), the 
DSG output is driven high, disconnect- 
ing the load from the pack. DSG re- 
mains high until removal of the short 
circuit or overcurrent condition. 


Pin Connections 



— 

TI7 


chgQ 

1 

16 

22 DSG 

ctlQ 

2 

15 

2] NSEL 

vssC 

3 

14 

□ UVD 

cslQ 

4 

13 

□ OVD 

BAT4N \Z 

5 

12 

22 ° CD 

BAT 3N C 

6 

11 

□ Vcc 

BAT 2N □ 

7 

10 

□ CSH 

BAT-im □ 

8 

9 

□ BAT-ip 

16-Pin Narrow SOIC 




PN205801.eps 
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Pin Names 

CHG 

Charge control output 

CTL 

Pack disable input 

Vss 

Low potential input 

CSL 

Current sense low-side 
input 

BAT 4 N 

Battery 4 negative input 

BAT 3 N 

Battery 3 negative input 

BAT 2 N 

Battery 2 negative input 

BATin 

Battery 1 negative input 


DSG 

Discharge control output 

NSEL 

3- or 4-cell selection 

UVD 

Undervoltage delay input 

OVD 

Overvoltage delay input 

OCD 

Overcurrent delay input 

Vcc 

High potential input 

CSH 

Current sense high-side 
input 

BATip 

Battery 1 positive input 
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bq2058 


Pin Descriptions 


This input is connected to BATip in a three- 
cell configuration. 


CHG Charge control output 

This push-pull output controls the charge 
path to the battery pack. Charging is al- 
lowed when low. 


DSG Discharge control output 

This push-pull output controls the discharge 
path to the battery pack. Discharge is al- 
lowed when low. 


CTL Pack disable input 

When high, this input allows an external 
sourc e to disab le the pack by making both 
DSG and CHG inactive. For normal opera- 
tion, the CTL pin is low. 

Vss Low potential input 

CSL Overcurrent sense low-side input 


NSEL Number of cells input 

This input selects the number of series cells 
in the pack. NSEL should connect to Vcc for 
four cells and to Vss for three cells. 

UVD Undervoltage delay input 

This input uses an external capacitor to Vcc 
to set the undervoltage delay timing. 


This input is connected between the low-side OVD 
discharge FET (or sense resistor) and BAT 4 N 
to enable overcurrent sensing in the battery 
pack’s ground path. 

BAT 4 N Battery 4 negative input OCD 

This input is connected to the negative termi- 
nal of the cell designated BAT4 in Figure 2. 

BAT 3 N Battery 3 negative input Vcc 


Overvoltage delay input 


This input uses an external capacitor to Vcc 
to set the overvoltage delay timing. 

Overcurrent delay input 

This input uses an external capacitor to Vcc 
to set the overcurrent delay timing. 

High potential input 



This input is connected to the negative terminal 
of the cell designated BAT3 in Figure 2. 

BAT 2 N Battery 2 negative input 

This input is connected to the negative termi- 
nal of the cell designated BAT2 in Figure 2. 

BATin Battery 1 negative input 

This input is connected to the negative termi- 
nal of the cell designated BAT1 in Figure 2. 


C SH Overcurrent sense high-side input 

This input is connected between the 
high-side discharge FET (or sense resistor) 
and BATip to enable overcurrent sense in 
the battery pack’s positive supply path. 

BATip Battery 1 positive input 

This input is connected to the positive terminal 
of the cell designated BAT1 in Figure 2. 


Table 1 . Pin Configuration for 3- and 4-Series Cells 


Number of Cells 

Configuration Pins 

Battery Pins 

3 cells 

BATin tied to BATip 

NSEL = V SS 

BATin - Positive terminal of first cell 

BAT 2 N - Negative terminal of first cell 

BAT 3 N - Negative terminal of second cell 

BAT 4 N - Negative terminal of third cell 

4 cells 

NSEL = Vcc 

BATip - Positive terminal of first cell 

BATin - Negative terminal of first cell 

BAT 2 N - Negative terminal of second cell 

BAT 3 N - Negative terminal of third cell 

BAT 4 N - Negative terminal of fourth cell 
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bq2058 


Cell Inputs ocl 
I Pin 9 fBTP^ 
Pin 8 pBlTr 


Pin 7 [ B2N , 
Pin 6 fB3FT 


Number of Cells Select 


NSEL 

Sel4_ 

Clock 

Sel3. 

Sel2. 

Sleep 

Sell. 


Pin 3 V 0V 


Chip Negative r|>^_ 
Supply Sel4 


Any_Above_Vov 


Non- Retrigger 
Reset Oneshot 


Pin i3[OVD>— [Capacitor | 

Discharge Off Delay Capacitor Input 
I AII_Below_VQE 


Charge Control 
Output 


Any_Below_Vuv 


Non-Retrigger 
Reset Oneshot 

[Xjyp> Capacitor 

Pin 14 

Charge Off Delay Capacitor Input 
Sense High-side Input 
Pin 10 1 CSHV— 


Discharge Control 
Output 


Sense Low-side Input 
Pin4 l CSL>rd>^ 


Overcurrent Delay 
Capacitor Input 
Pin 12 
[OCD> 


Non-Retrigger 
Reset Oneshot 


Pin 9 1 B1P ^ 
Pin 4 1 CSL ^ 


External Output Control 


Figure 1 . Block Diagram 





bq2058 


Functional Description 

Figure 1 is a block diagram outlining the major compo- 
nents of the bq2058. Figure 2 shows a 3- or 4-cell pack 
supervisor circuit. The following sections detail the vari- 
ous functional aspects of the bq2058. 

Thresholds 

The bq2058 monitors the lithium ion pack for the condi- 
tions listed below. Shown with these conditions are the 
respective thresholds used to determine if that condition 
exists: 

■ Overvoltage (Vov) 

■ Undervoltage (Vuv) 

■ Overcurrent (Voch, Vocl) 

■ Charge Enable (Vce) 

■ Charge Detect (Vcd) 


The bq2058 samples a cell every 40ms (typical). Every 
sample is a fully differential measurement of each cell. 
During this sample period, the bq2058 compares the 
measurements with these thresholds to determine if any 
of the these conditions exist: Vov, Vuv, and Vce- 

Overcurrent and charge detect are conditions that are 
not sampled, but are continuously monitored. 

Initialization 

On initial power-up, such as connecting the battery pack 
for the first time to the bq2058, the bq20 58 enters the 
low-power sleep mode, disabling the DSG output. It is 
recommended that a top to bottom cell connection 
be made at pack assembly for proper initializa- 
tion. A charging supply must be applied to the bq2058 
circuit to enable the pack. See Low-Power Sleep Mode 
and Charge Detect sections. 


* See note 1. o.luF 



Notes: 

1 . For automatic short circuit recovery. 

2. Remove R1 1 for 4-cell. Remove RIO and connect 
B1P to BIN for 3-cells. 


Figure 2. 3- or 4-Cell Li-Ion Battery Pack Supervisor 
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Low-Power Sleep Mode 

The bq2058 enters the low-power sleep mode in two dif- 
ferent ways: 

1. On initial power-up. 

2. After the detection of an undervoltage condi- 
tion-Vuv. 

When the bq2058 enters the low-power sleep mode, DSG 
is driven high and the device consumes 0.7 jjA (typical). 
The bq2058 only comes out of low-power sleep mode 
when a valid charge-detect condition exists. 

Charge Detect 

The bq2058 continuously monitors for a charge-detect con- 
dition. A valid charge-detect condition exists when either 
of the conditions are true: 

CSL < BAT 4 n - 70mV (Vcd) 

CSH > BATip + 70mV (Vcd) 

A valid charge-detect enables the DSG output, allowing 
charging of the lithium ion cells. This is accomplished 
by applying the charging supply to the pack. 

Undervoltage 

Undervoltage (or overdischarge) protection is asserted 
when any cell voltage drops below the Vuv threshold 
and remains below the Vuv threshold for a time 
exceeding a user-configurable delay (tuvo). The DSG 
output is driven high disabling the discharge of the 
pack. The bq2058 then enters the low-power sleep 
mode. 

Overvoltage 

Overvoltage (or overcharge) protection is asserted when 
any cell voltage exceeds the Vov threshold and remains 
above the Vov threshold for a time exceeding a user- 
configurable delay (tovD). The CHG pin is driven high, 
disabling charge into the battery pack. Charging is dis- 
abled until a valid charge enable exists. See Charge En- 
able section. 

Important note: If any battery pin floats (BATip, 
BATin-4N>, the bq2058 assumes an overvoltage has 
occurred. 

Because of different manufacturers specifications for 
overvoltage thresholds, the bq2058 can be available with 
different Vov options. Table 2 summarizes these differ- 
ent voltage thresholds. 


Table 2. Overvoltage Threshold Options 


Part No. 

Vov Limit 

bq2058 

4.25V 

bq2058C 

4.325 

bq2058D 

4.30V 

bq2058G* 

4.375V 

bq2058R 

4.35V 

bq2058W 

3.4V 


The overvoltage threshold limits are programmed 
at Unitrode. The bq2058 is the standard option 
that is more readily available for sampling and 
prototyping purposes. Please contact Unitrode 
for other voltage threshold and tolerance options. 

Charge Enable 

A valid charge enable indicates that an overvoltage 
(overcharge) condition no longer exists and that the 
pack is ready to accept further charge. Once overvoltage 
protection is asserted, charging will not be enabled un- 
til all cell voltages fall below Vce- The Vce threshold is 
a function of Vov, and changes with different Vov lim- 
its. 

Vce = Vov - 150mV 

Overcurrent 

The bq2058 detects an overcurrent (or short circuit) con- 
dition only in the discharge direction. Overcurrent pro- 
tection is asserted when either of the conditions occurs 
and remain for a time exceeding a user-configurable de- 
lay (tocD): 

CSL > BAT 4 n + Vocl 
CSH < BATip - Voch 

where: 

Vocl = 160mV (low-side detect) 

Voch = 160mV (high-side detect) 

When either of these conditions occurs, DSG is dri ven 
high, disconnecting the load from the pack. DSG re- 
mains high until both of the voltage conditions are false, 
indicating removal of the short-circuit condition. The 
user can facilitate clearing these conditions by inserting 
the battery pack into a charger. 

The low-side overcurrent sense can be disabled by con- 
necting CSL to BAT 4 n. This ensures that CSL is never 
greater than BAT 4 n. If low-side detection is disabled, 
high-side detection must be used with CSH. 
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The F ETs in the charge/discharge path controlled by the 
CHG and DSG pins affect the overcurrent level. The 
on-resistance of these FETs need to be taken into ac- 
count when determining overcurrent levels. 


Condition 

CHG pin 

DSG pin 

Normal operation 

Low 

Low 

Overvoltage 

High 

Low 

Undervoltage 

Low 

High 

Overcurrent 

Low 

High 

Floating battery input 

High 

Indeterminate 

CTL = high 

High 

High 


CHG and DSG States 

The CHG and DSG output truth table is shown below. 

The polarities of CHG and DSG are mask programmable 
at Unitrode. Push-pull vs. open-drain configuration is 
also mask-configurable at Unitrode. Please contact 
Unitrode for availability of these variations. 

Number of Cells 

The user must configure the bq2058 for three- or four- 
series cell operation. For a three-cell pack, NSEL 
should be tied directly to Vss- For a four-cell pack, 
Nsel should be connected directly to Vcc- 


Number of Series Cells 

NSEL 

3-cell 

Tied to Vss 

4-cell 

Tied to Vcc 


Pack Disable Input-CTL 

The CTL pin is used to electrically disconnect the bat- 
tery from the pack terminals through an exter nally sup- 
plied signal. When CTL is taken high, CHG and DSG 
are driven high. Any load on the pack terminals will be 
interpreted as an overcurrent condition by the bq2058 
with the overcurrent delay timer held in reset. When 
the CTL pin is driven low, the overcurrent delay timer is 
allowed to start. If the programmed delay (tocD) is too 
short, the overcurrent recovery circuit, if implemented, 
will be unable to correct the overcurrent situation prior 
to the delay time-out. It is recommended that a delay 
time of greater than 10ms (Cocd ^ O.OljaF) be used if 
the CTL pin function is used. 

Important note: If CTL float s, it is in ternally 
pulled high making both DSG and CHG inactive, 
thus disabling the pack. If CTL is not used, it 
should be tied to Vss* 

The polarity of CTL is mask programmable at Unitrode. 
Please contact Unitrode for other polarity options. 

Protection Delay Timers 

The delay time between the detection of an overcurrent, 
overv oltage, or und ervol tage condition and the deactivation 
of the CHG and/or DSG outputs is user-configurable by the 
selection of capacitor values between Vcc and OCD, OVD, 
and UVD pins (respectively). See Table 3 below. 

The fault condition must persist through the entire de- 
lay period, or the bq2058 may not deactivate either FET 
control output. 

Figure 3 shows a step-by-step event cycle for the 
bq2058. 


Table 3. Protection Delay Timers 


Protection 

Feature 

Delay 

Period 

Capacitor from 
Vcc to: 

Typical 


Capacitor 

Time 

Tolerance 

Overcurrent 

t0CD 

OCD 

O.OlOuF 

12ms 

±40% 

Overvoltage 

toVD 

OVD 

O.lOOgF 

950ms 

±40% 

Undervoltage 

tUYD 

UVD 

O.lOOgF 

950ms 

±40% 


Notes: 1. The delay time versus capacitance can be approximated by the following equations:. 

For tocD' t( s ) « 1.2 * C( M .f), where C > O.OOlpF 

For tovD, tuvo: t( s ) ~ 9.5 * C^f), where C > O.OlgF 

2. Overvoltage and undervoltage conditions are sampled by the bq2058. The delay in Table 2 is in 
addition to the time required for the bq2058 to detect the violation, which may vary from 0 to 
160 ms depending on where in the sampling period the violation occurs. Overcurrent is continuously 
monitored and is subject to a delay of approximately 1.5ms. 
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01 23 456789 10 11 12 

TT TV V V V V V V V TV 



CTL 


TD205801.eps 


Figure 3. Protector Event Diagram 


Event Definition: 

0: The bq2058 is in the low-power sleep mode because one or more of the cell voltages are below Vuv. 

1: A charger is applied to the pack, causing the difference betwe en CS H and BATip to become greater 

than 70mV. This awakens the bq2058, and the discharge pin DSG goes low 

2: One or more cells charge to a voltage equal to Vov, initiating the overvoltage delay timer. 

3: The overvoltage delay time expires, causing CHG to be driven high. 

4: All cell voltages fall below Vce, causing CHG to be driven low. 

5: Stop charging, apply a load. 

6: An overcurrent condition is detected, initiating the overcurrent delay timer. 

7: The overcurrent delay time expires, causing DSG to be driven high. 

8: The overcurrent condition is no longer present; DSG is driven low. 

9: Pin CTL is driven high; both DSG and CHG are driven high. 

10: Pin CTL is driven low; both DSG and CHG resume their normal function. 

11: One or more cells fall below Vuv, initiating the overdischarge delay timer. 

12: Once the overdischarge delay timer expires, if any of the cells is below Vuv, the bq2058 drives 

DSG high and enters the low-power sleep mode. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vcc 

Supply voltage 

18 

V 

Relative to Vss 

Topr 

Operating temperature 

-30 to +70 

°C 


Tstg 

Storage temperature 

-55 to +125 

°c 


Tsolder 

Soldering temperature 

260 

°c 

For 10 seconds 

IlN 

Maximum input current 

±100 

pA 

All pins except Vcc, Vss 


Notes: 1 Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data 
sheet. Exposure to conditions beyond the operational limits for extended periods of time may affect 
device reliability. 

2. Internal protection diodes are in place on every pin relative to Vcc and Vss- See Figure 4. 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

VOH 

Output high voltage 

Vcc - 0.5 

- 

- 

V 

Ioh = 10pA, CHG, DSG 

VOL 

Output low voltage 

- 

- 

Vss + 0.5 

V 

Iol = 10pA, CHG, DSG 

Vop 

Operating voltage 

4 

- 

18.0 

V 

Vcc relative to Vss 

VlL 

Input low voltage 

- 

- 

Vss + 0.5 

V 

Pin CTL 

VlH 

Input high voltage 

Vss + 2.0 

- 

- 

V 

Pin CTL 

VlL 

Input low voltage 

- 

- 

Vss + 0.5 

V 

Pin NSEL 

Vm 

Input high voltage 

Vcc - 0.5 

- 

- 

- 

Pin NSEL 

ICCA 

Active current 


25 

40 

UA 


Ices 

Sleep current 


0.7 

1.5 

pA 



DC Thresholds (ta=topr> 


Symbol 

Parameter 

Value 

Unit 

Tolerance 

Conditons 

Vov 

Overvoltage threshold 
(See Figure 5) 

4.25 

V 

±50mV 

See note 1 

4.375 

V 

±55mV 

For bq2058G only 

See note 3 

Table 2 

Customer option 

Vce 

Charge enable threshold 

Vov - 150mV 

V 

±50mV 


Vov - 200mV 

V 

±50mV 

For bq2058W only 

Vuv 

Undervoltage threshold 

2.25 

V 

±100mV 


2.10 

V 

±100mV 

For bq2058W only 

VoCH 

Overcurrent detect high-side 

160 

mV 

±35mV 


VoCL 

Overcurrent detect low-side 

160 

mV 

±35mV 


VCD 

Charge detect threshold 

70 

mV 

-60m V, +80mV 


t0VD 

Overvoltage delay threshold 

950 

ms 

±40% 

Covd = O.lOOuF, T a = 30°C 
See note 2 

tuVD 

Undervoltage delay threshold 

950 

ms 

±40% 

Cuvd = O.lOOpF, Ta = 30°C 
See note 2 

t0CD 

Overcurrent delay threshold 

12 

ms 

±40% 

Cqcd = 0.01(tP, T a = 30°C 


Notes: 1. Standard device. Contact Unitrode for different thresholds and tolerance options. 

2. Does not include cell sampling delay, which may add up to 160ms of additional delay until the 
condition is detected. 

3. bq2058G is designed only for 3-cell applications. 
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Impedance 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Notes 

Rcell 

Input impedance 

- 

10 

- 

MQ 

Pins BATip, BATin-4N, CSH, CSL 


4.280 


4.270 


> 4.260 

l 

Q) 

U) 

«S 4.250 


0 

£ 4.240 

1 

> 

> 4.230 


4.220 

4.210 

-30 -20 -10 0 10 20 30 40 50 60 70 

Ta - Free-Air Temperature - °C 

Gr2058.eps 
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Figure 5. bq2058 4.25V Overvoltage Threshold vs. 
Free-Air Temperature 
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Data Sheet Revision History 


Change No. 

Page No. 

Description 

Nature of Change 

1 

1,2,5 

PACK+, PACK- 

Pins renamed to CSH and CSL respectively 

1 

1 

Pin description 

Added CSH/CSL description 

1 

3 

Block diagram 

Update Block diagram 

1 

4 

Figure 2 

Update typical application circuit 

1 

4 

Configuration description 

Correction to description 

1,2 

5 

Overcurrent limits 

Was: Voch = 150mV ± 25mV 

Vocl = 85mV ± 25mV 

Is: Voch = 160mV ± 25mV 

Vocl = lQOmV ± 25mV 

1 

7 

Figure 3 

Update Event diagram 

1,2 

9 

DC threshold 

Was: Voch = 150mV ± 25mV 

Vocl = lOOmV ± 80mV 

Vcd = 70mV -60, +50mV 

Is: Voch = 160mV ± 25mV 

Vocl = lOOmV ± 25mV 

Vcd = 70mV -60, +80mV 

3 

1, 3,5 

High-side overcurrent monitored 

Was: Between Vcc and CSH, 

Is: Between BATip and CSH 

3 

4 

Overvoltage threshold options 

Added bq2058R 

3 

3,5 

Overcurrent limit 

Was: Vocl = lOOmV, Is: Vocl = 150mV 

4 

4 

Figure 2 

Corrected schematic 

4 

6,8 

Protection Delay Times 

Was: tocD = 10ms ±30% 
tovD = 800ms ±30% 
tuvD = 800ms ±40% 

Is: tocD = 12ms ±40% 
tovD = 950ms ±40% 
tuvD = 950ms ±40% 

4 

10 

Overcurrent limits 

Was: Voch = 160mV ±25mV 

Vocl = 150mV ±25mV 

Is: Voch = 160mV ±35mV 

Vocl = 160mV ±35mV 

5 

5,9 

Overvoltage threshold 

Charge enable threshold 
Undervoltage threshold 

Added bq2058W 

6 

9 

DC electrical characteristics 

Was: Minimum Vop = 0V, Is: Minimum Vop = 4V 

7 

5,9 

Overvoltage threshold 

Added bq2058C and bq2058G 

8 

4 

Reference circuit amended 

Moved D1 to new location 


Notes: Change 1 = Feb. 1997 B changes from Jan. 1997 A. Change 2 = April 1997 C changes from Feb. 1997 B. 

Change 3 = June 1997 D changes from April 1997 C. Change 4 = July 1997 E changes from June 1997 D. 
Change 5 = Feb. 1998 F changes from July 1997 E. Change 6 = May 1998 G changes from Feb. 1998 F. 
Change 7 = June 1998 H changes from May 1998 G. 

Change 8 = Jan. 1999 I changes from June 1998 H. 
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Ordering Information 

bq2058 XXXX 

L Standard Device: 

Blank = Standard device 

XXXX = Customer code assigned by Unitrode 

— Package Option: 

SN = 16-pin narrow SOIC 

L Overvoltage Threshold 

Blank = 4.25V (Standard device) 

Contact Factory for availability of other thresholds 


1 — Device: 

bq2058 Lithium Ion Pack Supervisor 


Package Devices 

Ta 

Vov Threshold 

16-pin Narrow SOIC (SN) 


3.4V 

bq2058WSN 


4.15 V 

bq2058MSN 


4.20V 

bq2058FSN 


4.225V 

bq2058KSN 

-30°C 

To 

+70°C 

4.25V 

bq2058SN 

4.325 

bq2058CSN 

4.30V 

bq2058DSN 


4.35V 

bq2058RSN 


4.36V 

bq2058JSN 


4.375V 

bq2058GSN 


Notes: bq2058SN is Standard Device. 

Contact factory for availability of other thresholds and 
tolerances. 
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UNITRODE 


bq2058T 



Lithium Ion Pack Supervisor 
for 2-Cell Packs 


Features 

> Protects and individually moni- 
tors two Li-Ion series cells for 
overvoltage, undervoltage 

>► Monitors pack for overcurrent 

>■ Designed for battery pack inte- 
gration 

> Minimal external components 

> Drives external FET switches 

> Selectable overvoltage (Vov) 

thresholds 1 

- Mask-programmable by 

Unitrode 5 : , ; 

- Standard version-4.25V < " 

> Supply current: 12pA typical 

> Sleep current: 0.7pA typical 

> 16-pin 150-mil narrow SOIC 


General Description 

The bq2058T Lithium Ion Pack Super- 
visor is designed to control the charge 
and discharge cell voltage limits for 
two lithium-ion (Li-Ion) series cells, ac- 
commodating battery packs containing 
series/parallel configurations. The low 
operating current does not overdis- 
charge the cells during periods of stor- 
age and does not significantly increase 
the system discharge load. The 
bq2058T can be part of a low-cost Li- 
Ion charge control system within the 
battery pack. 

The bq2058T controls two external 
FETs to limit the charge and discharge 
potentials. The bq2058T allows charg- 
ing when each individual cell voltage is 
below Vov (overvoltage limit). If the 
voltage on any cell exceeds Vov for a 
user-configurable delay period (tovo), 
the open-drain CHG pin goes to the 
high-impedance state, shutting off 


charge to the batteiy pack. This safety 
feature prevents overcharge of any cell 
within the batteiy pack. After an over- 
voltage condition occurs, each cell must 
fall below Vce (charge enable voltage) 
for the bq2058T to re-enable charging. 

The bq2058T protects batteries from 
overdischarge. If the voltage on any 
cell falls below Vuv (undervoltage 
limit) for a user-configurable delay pe- 
riod (tuvo)> the DSG output is driven 
low, shutting off the battery discharge. 
This safety feature prevents overdis- 
charge of any cell within the battery 
pack. 

The bq2058T also stops discharge on 
detection of an overcurrent condition, 
such as a short circuit. If an overcur- 
rent condition occurs for a user- 
configurable delay period (tocD), the 
DSG output is driven low, disconnect- 
ing the load from the pack. DSG re- 
mains low until removal of the short 
circuit or overcurrent condition. 


Pin Connections 



— 

~T~> 


chg\Z 

1 

16 

22 DSG 

CTl\Z 

2 

15 

□ vcc 

VssC 

3 

14 

2 ] UVD 

cslQ 

4 

13 

22 OVD 

BAT 2 N C 

5 

12 

I] OCD 

BAT2N C 

6 

11 

□ vcc 

BAT 2 N t 

7 

10 

22 CSH 

BAT-in [Z 

8 

9 

□ BAT 1P 

16-Pin Narrow SOIC 




PN2058T1.eps 
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Pin Names 

CHG 

Charge control output 

CTL 

Pack disable input 

V SS 

Low potential input 

CSL 

Overcurrent sense low-side 
input 

BAT 2 N 

Battery 2 negative input 

BATin 

Battery 1 negative input 


DSG 

Discharge control output 

UVD 

Undervoltage delay input 

OVD 

Overvoltage delay input 

OCD 

Overcurrent delay input 

Vcc 

High potential input 

CSH 

Overcurrent sense high-side 
input 

BATip 

Battery 1 positive input 
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Pin Descriptions 


UVD 


CHG 


CTL 


V SS 

CSL 


BAT2N 


BATin 


Charge control output 

This open-drain output controls the charge OVD 
path to the battery pack. Charging is allowed 
when high. 


Pack disable input 

When high, this input allows an external 
source to disable the pack by making both 
DSG and CHG inactive. For normal opera- 
tion, the CTL pin is low. 

Low potential input 

Overcurrent sense low-side input 


OCD 


Vcc 

CSH 


This input is connected between the low-side 
discharge FET (or sense resistor) and BAT 2 N to 
enable overcurrent sensing in the battery 
pack’s ground path. 

BATip 

Battery 2 negative inputs (3 pins) 


These pins are connected to the negative termi- 
nal of the cell designated BAT2 in Figure 2. 


Battery 1 negative input 

This input is connected to the negative termi- 
nal of the cell designated BAT1 in Figure 2. 


DSG Discharge control output 

This push-pull output controls the discharge 
path to the battery pack. Discharge is al- 
lowed when high. 


Undervoltage delay input 

This input uses an external capacitor to Vcc 
to set the undervoltage delay timing. 

Overvoltage delay input 

This input uses an external capacitor to Vcc 
to set the overvoltage delay timing. 

Overcurrent delay input 

This input uses an external capacitor to Vcc 
to set the overcurrent delay timing. 

High potential inputs (2 pins) 

Overcurrent sense high-side input 

This input is connected between the 
high-side discharge FET (or sense resistor) 
and BATip to enable overcurrent sense in 
the battery pack’s positive supply path. 


Battery 1 positive input 


This input is connected to the positive terminal 
of the cell designated BAT1 in Figure 2. 
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Functional Description 

Figure 1 is a block diagram outlining the major compo- 
nents of the bq2058T. Figure 2 shows a low-side control 
connection diagram. The following sections detail the 
various functional aspects of the bq2058T. 

Thresholds 

The bq2058T monitors the lithium ion pack for the con- 
ditions listed below. Shown with these conditions are 
the respective thresholds used to determine if that con- 
dition exists: 

■ Overvoltage (Vov) 

■ Undervoltage (Vuv) 

■ Overcurrent (Voch, Vocl) 

■ Charge Enable (Vce) 

■ Charge Detect (Vcd) 


The bq2058T samples a cell every 60ms (typical). Every 
sample is a fully differential measurement of each cell. 
During this sample period, the bq2058T compares the 
measurements with these thresholds to determine if any 
of the these conditions exist: Vov, Vuv, and Vce. 

Overcurrent and charge detect are conditions that are 
not sampled, but are continuously monitored. 

Initialization 

On initial power-up, such as connecting the battery pack 
for the first time to the bq2058T, the bq2058T enters the 
low-power sleep mode, disabling the DSG output. It is 
recommended that a top to bottom cell connection 
be made at pack assembly for proper initializa- 
tion. A charging supply must be applied to the bq2058T 
circuit to enable the pack. See Low-Power Sleep Mode 
and Charge Detect sections. 



Figure 2. Two-Cell Connection Diagram, Low-Side Control 
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Low-Power Sleep Mode 

The bq2058T enters the low-power sleep mode in two 
different ways: 

1. On initial power-up. 

2. After the detection of an undervoltage condi- 
tion-Vuy. 

When the bq2058T enters the low-power sleep mode, 
DSG is driven low and the device consumes 0.7pA (typi- 
cal). The bq2058T only comes out of low-power sleep 
mode when a valid charge detect condition exists. 

Charge Detect 

The bq2058T continuously monitors for a charge detect 
condition. A valid charge detect condition exists when ei- 
ther of the conditions is true: 

CSL < BAT 2 n - 70mV (V CD ) 

CSH > BATip + 70mV (Vcd) 

A valid charge detect enables the DSG output, allowing 
charging of the lithium ion cells. This is accomplished 
by applying the charging supply to the pack. 

Undervoltage 

Undervoltage (or overdischarge) protection is asserted 
when any cell voltage drops below the Vuv threshold 
and remains below the Vuv threshold for a time 
exceeding a user-configurable delay (tuvD). The DSG 
output is driven low, disabling the discharge of the pack. 
The bq2058T then enters the low-power sleep mode. 
Vuv is defined as follows: 

Vuv = 2.25V 

Overvoltage 

Overvoltage (or overcharge) protection is asserted when 
any cell voltage exceeds the Vov threshold and remains 
above the Vov threshold for a time exceeding a user- 
configurable delay (tovD). The CHG pin goes to the 
high impedance state, disabling charge into the battery 
pack. Since the charge control output is an open drain 
output, a pull-down resistor is needed from the CHG pin 
to the negative side of the pack. This pulls the gate of 
the charge FET low when the CHG pin goes to high im- 
pedance. Charging is disabled until a valid charge en- 
able exists. See Charge Enable section. 

Important note: If any battery pin floats (BATip, 
BATin> BAT 2 N), the bq2058T assumes an overvolt- 
age has occurred. 

Because of different manufacturers’ specifications for 
overvoltage thresholds, the bq2058T can be available 
with different Vov options. Table 1 summarizes these 
different voltage thresholds. 
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Table 1 . Overvoltage Threshold Options 


Part No. 

Vov Limit 

bq2058T 

4.25V 

bq2058TR 

4.35V 

bq2058TW 

3.4V 


The overvoltage threshold limits are programmed 
at Unitrode. The bq2058T is the standard option 
that is more readily available for sampling and 
prototyping purposes. Please contact Unitrode 
for other voltage threshold and tolerance options. 

Charge Enable 

A valid charge enable indicates that an overvoltage 
(overcharge) condition no longer exists and that the 
pack is ready to accept further charge. Once overvoltage 
protection is asserted, charging will not be enabled un- 
til all cell voltages fall below Vce- The Vce threshold is 
a function of Vov, and changes with different Vov lim- 
its. 

Vce = Vov - 150mV 

Overcurrent 

The bq2058T detects an overcurrent (or short circuit) 
condition only in the discharge direction. Overcurrent 
protection is asserted when either of the conditions oc- 
curs and remain for a time exceeding a user- 
configurable delay (tocD): 

CSL > BAT 2 n + Vocl 

CSH < BATip -Voch 

where: 

Vocl = 160mV (low-side detect) 

Voch = 160mV (high-side detect) 

When either of these conditions occurs, DSG is driven 
low, disconnecting the load from the pack. DSG remains 
low until both of the voltage conditions are false, indi- 
cating removal of the short-circuit condition. The user 
can facilitate clearing these conditions by inserting the 
battery pack into a charger. 

The high-side overcurrent sense can be disabled by con- 
necting CSH to BATip. This ensures that CSH is never 
greater than BATip. If high-side detection is disabled, 
low-side detection must be used with CSL. 

The FETs in the charge/discharge path controlled by the 
CHG and DSG pins affect the overcurrent level. The 
on-resistance of these FETs need to be taken into ac- 
count when determining overcurrent levels. 
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CHG and DSG States 

The CHG and DSG output truth table is shown below: 


Condition 

CHG pin 

DSG pin 

Normal operation 

High 

High 

Overvoltage 

z 

High 

Undervoltage 

High 

Low 

Overcurrent 

High 

Low 

Floating battery input 

Z 

Indeterminate 

CTL = high 

Zi 

Low 


The polarities of CHG and DSG are mask programmable 
at Unitrode. Push-pull vs. open-drain configuration is 
also mask-configurable at Unitrode. Please contact 
Unitrode for availability of these variations. 

Pack Disable Input-CTL 

The CTL pin is used to electrically disconnect the bat- 
tery from the pack terminals through an externally sup- 
plied signal. When CTL is taken high, CHG goes to the 
high impedance state and DSG is driven low. Any load 
on the pack terminals will be interpreted as an overcur- 
rent condition by the bq2058T with the overcurrent de- 
lay timer held in reset. When the CTL pin is driven low, 
the overcurrent delay timer is allowed to start. If the 
programmed delay (toCD) is too short, the overcurrent 
recovery circuit, if implemented, will be unable to cor- 
rect the overcurrent situation prior to the delay time- 
out. It is recommended that a delay time of greater than 
10ms (Cocd ^ O.OljxF) be used if the CTL pin function 
is to be utilized. 


Important note: If CTL floats, it is internally 
pulled high making both DSG and CHG inactive, 
thus disabling the pack. If CTL is not used, it 
should be tied to Vss* 

The polarity of CTL is mask-programmable at Unitrode. 
Please contact Unitrode for other polarity options. 

Protection Delay Timers 

The delay time between the detection of an overcurrent, 
overvoltage, or undervoltage condition and the deactiva- 
tion of the CHG and/or DSG outputs is user-configurable 
by the selection of capacitor values between Vcc and OCD, 
OVD, and UVD pins (respectively. See Table 2 below. 

The fault condition must persist through the entire de- 
lay period, or the bq2058T may not deactivate either 
FET control output. 

Figure 3 shows a step-by-step event cycle for the 
bq2058T. 


Table 2. Protection Delay Timers 


Protection 

Feature 

Delay 

Period 

Capacitor from 
Vcc to: 

Typical 


Capacitor 

Time 

Tolerance 

Overcurrent 

t0CD 

OCD 

O.OlOgF 

12ms 

±40% 

Overvoltage 

t0VD 

OVD 

0.100|liF 

950ms 

±40% 

Undervoltage 

tUYD 

UVD 

O.lOOgF 

950ms 

±40% 


Notes: 1. The delay time versus capacitance can be approximated by the following equations:. 

For tocD^ t( s ) * 1.2 * C^f), where O.OOlqF < C < O.ljiF 

For tovD, tuvD- t( s ) « 9.5 * C(|if), where O.OIjliF < C < lpF 

2. Overvoltage and undervoltage conditions are sampled by the bq2058T. The delay in Table 2 is in 
addition to the time required for the bq2058T to detect the violation, which may vary from 0 to 
120 ms depending on where in the sampling period the violation occurs. Overcurrent is continuously 
monitored and is subject to a delay of approximately 1.5ms. 
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TD2058T1.eps 


Figure 3. Protector Event Diagram 

Event Definition: 

0: The bq2058T is in the low-power sleep mode because one or more of the cell voltages are below Vuv. 

1: A charger is applied to the pack, causing the difference between CSL and BAT 2 N to become greater 

than 70mV. This awakens the bq2058T, and the discharge pin DSG goes high. 

2: One or more cells charge to a voltage equal to Vov, initiating the overvoltage delay timer. 

3: The overvoltage delay time expires, causing CHG to go to high impedance (pulled low externally). 

4: All cell voltages fall below Vce, causing CHG to go high. 

5: Stop charging, apply a load. 

6: An overcurrent condition is detected, initiating the overcurrent delay timer. 

7: The overcurrent delay time expires, causing DSG to go low. 

8: The overcurrent condition is no longer present. DSG is driven high. 

9: Pin CTL is driven high; both DSG and CHG go inactive. 

10: Pin CTL is driven low; both DSG and CHG go active resuming their normal function. 

11: One or more cells fall below Vuv, initiating the overdischarge delay timer. 

12: Once the overdischarge delay timer expires, if any of the cells is below Vuv, the bq2058T drives 

DSG low and enters the low-power sleep mode. 
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Absolute Maximum Ratings 


Symbol 

Parameter 

Value 

Unit 

Conditions 

Vcc 

Supply voltage 

18 

V 

Relative to Vss 

Topr 

Operating temperature 

-30 to +70 

°c 


Tstg 

Storage temperature 

-55 to +125 

°c 


Tsolder 

Soldering temperature 

260 

°c 

For 10 seconds 

IlN 

Maximum input current 

±100 

nA 

All pins except Vcc, Vss 


Notes: 1 Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional 

operation should be limited to the Recommended DC Operating Conditions detailed in this data sheet. 
Exposure to conditions beyond the operational limits for extended periods of time may affect device 
reliability. 

2. Internal protection diodes are in place on every pin relative to Vcc and Vss. See Figure 4. 



Figure 4. Internal Protection Diodes 
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DC Electrical Characteristics (ta = topr) 


Symbol 

Parameter 

Minimum 

Typical 

Maximum 

Unit 

Conditions/Notes 

VoH 

Output high voltage 

Vcc - 0.5 

- 

- 

V 

Ioh = 10pA, CHG, DSG 

VOL 

Output low voltage 

- 

- 

Vss + 0.5 

V 

Iol = 10|iA, CHG, DSG 

V 0 p 

Operating voltage 

4 

- 

9.0 

V 

Vcc relative to Vss 

VlL 

Input low voltage 

- 

- 

Vss + 0.5 

V 

Pin CTL 

Vm 

Input high voltage 

V SS + 2.0 

- 

- 

V 

Pin CTL 

ICCA 

Active current 

- 

12 

25 

JlIA 


Ices 

Sleep current 

- 

0.7 

1.5 

ft A 


Rcell 

Input impedance 


10 

- 

M£2 

Pins BAT 2 N, BATin, and BATip 


DC Thresholds (ta = topr) 


Symbol 

Parameter 

Value 

Unit 

Tolerance 

Conditons 

Vov 

Overvoltage threshold 
(see Figure 5) 

4.25 

V 

±55mV 

See note 1 

Table 1 

Customer option 

Vce 

Charge enable threshold 

Vov - 150mV 

V 

±55mV 


Vov - 200mV 

V 

±55mV 

For bq2058TW only 

Vuv 

Undervoltage threshold 

2.25 

V 

±100mV 


2.10 

V 

±100mV 

For bq2058TW only 

VoCH 

Overcurrent detect 
high-side 

160 

mV 

±35mV 


VoCL 

Overcurrent detect 
low-side 

160 

mV 

±35mV 


VcD 

Charge detect threshold 

70 

mV 

-60mV, +80mV 


t0VD 

Overvoltage delay 
threshold 

950 

ms 

±40% 

Covd = O.lOOpF 
T a =30°C 

See note 2 

tuVD 

Undervoltage delay 
threshold 

950 

ms 

±40% 

Cuvd = O.lOOpF 

T a = 30°C 

See note 2 

t0CD 

Overcurrent delay 
threshold 

12 

ms 

±40% 

Cocd = O.OlfiF 

T a =30°C 


Notes: 1. Standard device. Contact Unitrode for different thresholds and tolerance options 

2. Does not include cell sampling delay, which may add up to 120ms of additional delay until the 
condition is detected. 
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Data Sheet Revision History 


Chanae No. 

Paae No. 

Description 

Nature of Chanae 

1 

5 

CHG pin output state 

CHG pin state at overvoltage and floating battery 
input was low, is now Z 

1 

9 

Overcurrent limits 

Was: Vocl = lOOmV ±25mV 

Is: Vocl = 150mV ±25mV 

1 

9 

Charge detect threshold 

Was: 70mV +10mV, +80mV 

Is: 70mV -60mV, +80mV 

2 

4 

Overvoltage options, Table 1 

Added bq2058TR 

2 

4 

Figure 2 

Corrected schematic 

2 

6,9 

Delay thresholds 

Was: tocD = 10ms ±30% 
tovD = 800ms ±30% 
tuvD = 800ms ±30% 

Is: tocD = 12ms ±40% 
tovD = 950ms ±40% 
tuvD = 950ms ±40% 

2 

7 

DSG and CHG timing diagram 

Inverted lines for proper logic levels 

2 

7 

Timing Diagram 

Was: CSH timing 

Is: CSL timing 

2 

8 

Maximum input current 

Added Iin 

2 

9 

Vov tolerance 

Was: ±50mV 

Is: ±55mV 

2 

9 

Overcurrent limits 

Was: Voch = 160mV +25mV 

Vocl = 150mV+25mV 

Is: Voch = 160mV +35mV 

Vocl = 160mV+35mV 

2 

9 

Vop 

Was: 0V min, 18V max 

Is: 4V min, 9V max 

3 

5,9 

Overvoltage threshold 

Charge enable threshold 
Undervoltage threshold 

Added bq2058TW 


Notes: Change 1 = June 1997 B changes from April 1997. 

Change 2 = July 1997 C changes from June 1997 B. 
Change 3 = May 1998 D changes from July 1997 C. 
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Ordering Information 


bq2058T XXXX 

Standard Device: 

Blank = Standard device 

XXXX = Customer code assigned by Unitrode 

— Package Option: 

SN = 16-pin narrow SOIC 

I— Overvoltage Threshold 

Blank = 4.25V ( Standard device) 

Contact factory for availability of other thresholds 


Device: 

bq2058T Lithium Ion Pack Supervisor 



Package Devices 

Ta 

Vov Threshold 

16-oin Narrow SOIC (SN) 

-30°C 

to 

+70°C 

3.4V 

bq2058TWSN 

4.15V 

bq2058TMSN 

4.20V 

bq2058TFSN 

4.225V 

bq2058TKSN 

4.25V 

bq2058TSN 

4.30V 

bq2058TDSN 

4.35V 

bq2058TRSN 

4.36V 

bq2058TJSN 


Notes: bq2058TSN is Standard Device. 

Contact factory for availability of other thresholds and tolerances. 
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y 

UNITRODE 

Lithium-Ion Battery Protector 


FEATURES 

• Protects Sensitive Lithium-Ion 
Cells from Overcharging and 
Over-Discharging 

• Used for Two-Cell Lithium-Ion 
Battery Packs 

• No External FETs Required 

• Provides Protection Against 
Battery Pack Output Short 
Circuit 

• Extremely Low Power Drain 
on Batteries of About 20pA 

• Low Internal FET Switch 
Voltage Drop 

• User Controllable Delay for 
Tripping Short Circuit Current 
Protector 

• 3A Current Capacity 


BLOCK DIAGRAM 


B2 

B1 

BO 


CDLY 


GND 


SUBS 



LPWARN 

UV 

OV 


KILL 


CE 


UDG-95130-2 


DESCRIPTION 


The UCC391 1 is a two-cell lithium-ion battery pack pro- 
tector 1C that incorporates an on-chip series FET switch 
thus reducing manufacturing costs and increasing reli- 
ability. The IC’s primary function is to protect both lith- 
ium-ion cells in a two-cell battery pack from being either 
overcharged or over-discharged. It employs a precision 
bandgap voltage reference that is used to detect when 
either cell is approaching an overcharged or 
over-discharged state. When on board logic detects ei- 
ther condition, the series FET switch opens to protect the 
cells. 

A negative feedback loop controls the FET switch when 
the battery pack is in either the overcharged or 
over-discharged state. In the overcharged state the ac- 
tion of the feedback loop is to allow only discharge cur- 
rent to pass through the FET switch. In the 
over-discharged state, only charging current is allowed to 
flow. The op amp that drives the loop is powered only 


when in one of these two states. In the over-discharged 
state the chip enters sleep mode until it senses that the 
pack is being charged. 

The FET switch is driven by a charge pump when the 
battery pack is in a normally charged state to achieve the 
lowest possible RDSon. In this state the negative feed- 
back loop’s op amp is powered down to conserve battery 
power. Short circuit protection for the battery pack is pro- 
vided and has a nominal delay of lOOps before tripping. 
An external capacitor may be connected between CDLY 
and BO to increase this delay time to allow longer 
overcurrent transients. 

A chip enable (CE) pin is provided that while held low, in- 
hibits normal operation of the chip to facilitate assembly 
of the battery pack. 

The UCC391 1 is specified for operation over the temper- 
ature range of -20°C to +70°C, the typical operating and 
storage temperature range of lithium-ion batteries. 
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ABSOLUTE MAXIMUM RATINGS 


Maximum Input Voltage (B2, GND) 14V 

Minimum Input Voltage (BO, GND) 9.0V 

Maximum Charge Current (BO, GND) 3.3A 

Minimum Discharge Current (BO, GND) 3.3A 

Storage Temperature 65°C to +1 50°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations 
and considerations of packages. 


CONNECTION DIAGRAM 


SOIC-16 (Top View) 


DP Package 



KILL [7 


T^ B2 

ov \Y_ 


T5] CDLY 

UV [TT 


14] B1 

SUBS \T 


J3] SUBS 

SUBS [ 5 ] 


T2] SUBS 

GND \Y 


Tl] BO 

GND [7j 


To] BO 

LPWARN [TT 


T] CE 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, these specifications apply for-20°C to +70°C for the 
UCC391 1 , all voltages are referenced to BO, Vb 2 = 7.2V, Ta = Tj. 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

State Transition Threshold 

Normal to Overcharge 


4.20 

4.25 

4.30 

V 

Overcharge to Normal 


3.65 

3.75 

3.85 

V 

Normal to Undercharge 


2.42 

2.5 

2.58 

V 

Undercharge to Normal 


2.90 

3.0 

3.10 

V 

BO/GND Switch 

Vbo- Vgnd 

(Normal) Ignd = 2A 

-320 

-160 


mV 

(Normal) Ignd = -2A 


160 

320 

mV 

(Overcharge) Ignd = 1 mA 


-150 


mV 

(Overcharge) Ignd = 2A 


-450 


mV 

(Undercharge) Ignd = -1mA 


150 


mV 

(Undercharge) Ignd = -2A 


450 


mV 

Ignd 

(Overcharge) Vgnd = -5V 

-5 

0 


pA 

(Undercharge) Vgnd = 5V 


0 

5 

pA 

Chip Bias Current 

lB2 

Nominal 


18 

25 

HA 

lB2 

In Sleep Mode 


3.5 


HA 

IB1 

(Note 3) 

-5 

0 

5 

HA 

Short Circuit Protection 

ITHRESHOLD 


3.5 

5.25 

7 

A 

Tdly 

CDLY = Open (Note 1) 


100 


ns 

Internal Clock Frequency 

(Note 2) 


7.5 


kHz 

Tdly - OV 

Delay for Chip to Register OV Condition 

0.6 

2 

5 

ms 

Tdly - UV 

Delay for Chip to Register UV Condition 

0.3 

1 

3.5 

ms 

OV, UV Output Characteristics 

VB2 - Vhigh with Ipin = -lOOOpA 



1.1 

V 

Vlow With Ipin = 100pA 



0.43 

V 

Thermal Shutdown 

(Note 1) 


165 


°C 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, these specifications apply for -2G°C to +70°C for the 
UCC391 1 , all voltages are referenced to BO, Vb 2 = 7.2V, Ta = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Short Circuit Protection (cont.) | 

KILL Output Characteristics 

VB 2 - Vhigh With Ikill = -0.5mA 



0.29 

V 

KILL Output Characteristics 

Vlow With Ikill = 0.5mA 



0.27 

V 

LPWARN Output Characteristics 

Vb2 - Vhigh With Ilpwarn = -0.1 mA 



0.42 

V 

Vlow With Ilpwarn = 0.1mA 



0.37 

V 

CE Threshold Voltage 

VB2 = 8.5V 

5 

6 

7 

V 

Vdd = 5V 

2.05 

2.45 

4.05 

V 


Note 1: Guaranteed by design. Not 100% tested in production. 

Note 2: Tested at functional probe only. 

Note 3: The 5\xA current listed is for test purposes. The current in this pin is guaranteed by design to be much less than 1\iA. 


PIN DESCRIPTIONS 

BO: Connects to the negative terminal of the lower cell in 
the battery pack. 

B1 : Connects to the junction of the positive terminal of 
the lower cell and the negative terminal of the upper cell 
in the battery pack. 

B2: Connects to the positive terminal of the upper cell in 
the battery pack. This pin also connects to the positive of 
the two terminals that are presented to the user of the 
battery pack. 

CDLY: Delay control pin for the short circuit protection 
feature. A capacitor connected between this pin and the 
BO pin will lengthen the time delay from when an 
overcurrent situation is detected to when the protection 
circuitry is activated. This control will be useful for those 
applications where high peak load currents may 
momentarily exceed the protection circuit’s threshold 
current and interruption of the battery current would be 
undesirable. The nominal delay time is internally set at 
100ps. The equation for determining this delay is: 

TDLY (jlxs) = 25 + (25 + CDLY (pF)) • 0.4 • VB2 

To recover from an overcurrent “shutdown” the load must 
be removed momentarily from the pack. 

CE: Chip Enable. While this signal is held low, the 
internal FET is held off and the KILL latch is held in reset. 
CE is pulled high by a 2jliA current source. This function 
was included to facilitate construction of the battery pack 
by preventing the KILL latch from being erroneously set 
during final assembly. The last step in the electrical 
assembly of the pack would be cutting a link to BO. 

GND: The second of the two terminals that are 
presented to the user of the battery pack. The internal 
FET switch connects this terminal to the BO terminal to 
give the battery pack user appropriate access to the 


batteries. In an overcharged state, current is allowed to 
flow only into this terminal. Similarly, in an 
over-discharged state, current is allowed to flow only out 
of this terminal. 

KILL: This active-high signal indicates that one or both of 
the cells has been overcharged. It can be used to drive a 
circuit breaker of some sort to permanently disable the 
battery pack as a safety feature. Note that when KILL 
goes active the chip simultaneously enters the OV state 
which inhibits further charging of the pack. The KILL 
latch is asynchronously reset by the CE signal. 

LPWARN: This active-high signal is the low Power 
Warning. The voltage on this pin goes high (to B2 
potential) as soon as either of the battery’s cells voltage 
falls below 3.0V. Once the UV state is entered, this output 
goes back to low. 

OV: This active-low signal indicates the state of the state 
machine’s OV bit. When low, it indicates that one or both 
cells are overcharged. Further charging is inhibited by 
the opening of the FET switch. The internal signal also 
sets the KILL latch and activates the KILL output signal. 
The output buffer for this pin is sized to drive a very light 
load. 

SUBS: The substrate connections for the UCC3911. 
Connect these points to a heat sink which is electrically 
isolated from all other 1C pins. 

UV: This active-low signal indicates the state of the state 
machine’s UV bit. When low, it indicates that one or both 
cells are over- discharged. Further discharging is 
inhibited by the opening of the FET switch. The chip 
enters the “Sleep” mode when UV goes high and waits in 
this state until the chip detects that the battery pack has 
been placed in a charging circuit. The output buffer for 
this pin is likewise sized to drive a very light load. 
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D1 

ZX 1A 
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COPPER PAD 
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AT HIGH LOAD 
CURRENTS 


[t|K 

I 

[2] C 

I 

[3] l 

I 

— [T]s 


5 SUBS 


LOW POWER WARN 
(ACTIVE HIGH) 


-{i]c 

T®] L 


0®) - 

i 

(«F 

Gjth 


Cdly 

330pF 


R1 

220ft 

, Cl 
IOjxF 
10V 


T" CELL 2 


R1 


BjE] 


I 

B°l- 


ISOLATED 
COPPER PAD 
FOR 

HEATSINKING 
AT HIGH LOAD 
CURRENTS 


J_C2 

^0.22jiF 


C3 

• (OPTIONAL) 


Cl: A VX P/N T AJA106K010 

C2: AVX P/N 0805YC224KAT2A 

D1: GENERAL INSTRUMENT P/N S1A 


ENABLE 

(OPEN) 


Note: In this example, CDLY, Cl and C2 were selected to drive a 1500\xF load. 


Figure 1. UCC3911 Application Circuit including Components for Short Circuit Protection. 


Figure 1 shows a typical application for the UCC3911 
lithium-ion battery protector. All of the functions required 
to protect two series lithium-ion cells from overcharge 
and over-discharge, as well as provide short circuit pro- 
tection, are included in a single chip. An internal state 
machine controls an internal power FET which allows ei- 
ther bi-directional or uni-directional battery current. An 
optional time delay capacitor can be included to slow the 
reaction time of the short circuit protection circuitry if de- 
sired. 

While the 1C is capable of providing overload and 
over/undervoltage protection of both cells with virtually 
no external parts, the demands of true short circuit pro- 
tection require some passive external components. 

State Machine Operation 

The internal state machine constantly monitors the two 
cells for both overvoltage and undervoltage conditions. 
Figure 2 shows a state diagram which describes the op- 
eration of the protection circuitry. In the normal mode, 
both the OV and UV status bits are held high and full bat- 
tery current is allowed through the internal power FET in 
either the charge or discharge direction. 

If the voltage across one or both cells exceeds 4.25V, the 
OV signal goes low, and further charge current is not al- 
lowed. An internal feedback loop controls the power FET 
to allow only discharge current, allowing for battery re- 
covery. The state machine will not reenter normal mode 


until the voltage across both cells decays to less than 
3.75V. This feature is important to prevent circuit oscilla- 
tion due to battery ESR when the circuitry transitions be- 
tween states. The KILL output signal is also set high 
when the UCC3911 enters the OV state, and will remain 



Note: The “One Cell Over and One Cell Under” state is en- 
tered whenever one cell is overcharged and the other cell is si- 
multaneously over-discharged. When in this state, the series 
FET switch is turned off inhibiting both charging and discharg- 
ing of the battery pack. If the battery pack ever gets into this 
condition, it should be discarded. 


Figure 2. State Diagram 
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APPLICATIONS INFORMATION (cont.) 

set unless the CE pin is brought low. The KILL latch can 
be used to permanently disable the battery pack with ad- 
ditional circuitry if desired. 

If the voltage across one or both battery cells falls below 
3V, the LPWARN signal goes high indicating a low power 
condition. This signal can be used to signal the user that 
the battery pack is in need of charge. 

If the voltage across one or both cells falls below 2.5V, the 
UV signal goes low, and the feedback loop allows only 
charge current. The LPWARN signal goes low and the 
UCC391 1 enters sleep mode which consumes only 3pA, 
limiting self discharge to a minimum. The circuit remains 
in this state until the voltage across both cells exceeds 3V. 
The battery pack can still be charged, unless the sum of 
the two cells voltages falls below 3.7V, which is the mini- 
mum guaranteed operating voltage for the 1C. 

If the battery cells become so poorly matched that the 
voltage across one cell exceeds 4.25V and the voltage 
across the other cell falls below 2.5V, the power FET will 
not pass either charge or discharge current, and both the 
OV and UV signals will be set low. 

The normal high current path for battery current is 
through the BO (10, 11) and GND (6, 7) pins of the 
UCC391 1 . The GND pins are intended to be connected to 
system ground for either the charger or the load. The 
SUBS pins (4, 5, 12, 13) are internally connected to the 
substrate of the UCC391 1 , which is internally referenced 
to BO or GND depending on the direction of pack current. 
If high battery currents are anticipated, the SUBS pins 
can be thermally connected to a heat sink to control the 
1C temperature. However, this heat sink must be electri- 
cally isolated from all other 1C pins including ground. This 
is a critically important point, as heat sinking to the sys- 
tem ground is not possible. 

The CE pin is used to initialize the state of the battery 
pack during assembly. Holding this pin low forces the 
state machine to hold the FET off. The last step in the as- 
sembly process would be to cut the trace between this pin 
and BO which allows the internal pull up to start the state 
machine. 

Short Circuit Protection 

As stated earlier, the demands of true short circuit protec- 
tion requires that careful attention be paid to the selection 
of a few external components. This selection is discussed 
below. 

In the Application circuit of Figure 1 , diode D1 acts as a 
clamp across the battery pack output terminals to prevent 
damage to the 1C from inductive kick when the pack cur- 
rent is shut off due to an overcurrent or over/undervoltage 


condition. (It also provides reverse polarity protection 
during charge.) 

To prevent a momentary cell voltage drop, caused by 
large capacitive loads, from causing an erroneous 
undervoltage shutdown, an RC filter is required in series 
with the two battery sense inputs, B1 and B2. The resis- 
tors (R1 and R2) are sized to have a negligible impact 
on voltage sensing accuracy. The capacitors (Cl and 
C2) should be sized to provide a time constant longer 
than the overcurrent delay time. In the example of Figure 
1, they are sized for a nominal 2.2ms time constant. 
They do not need to be low ESR style capacitors, as 
they see no ripple current. A larger resistor value and 
smaller capacitor value can be used on the B1 input due 
to the extremely low input current on this pin. 

The overcurrent delay capacitor, Cdly, sets the time de- 
lay, after the overcurrent threshold is exceeded, before 
turning off the UCC391 1’s internal FET. If no capacitor is 
used, the nominal delay is lOOps. To charge large ca- 
pacitive loads without tripping the overcurrent circuit, a 
small capacitor (typically less than lOOOpF) is used to 
extend the delay time. The approximate delay time is 
given below and shown graphically in Figure 3. 

hLY (l is) = 25 + (25 + C DL Y (pF)) • 0.4 • V B2 

The amount of time required will be a function of the 
load capacitance, battery voltage, and the total circuit 
impedance, including the internal resistance of the cells, 
the UCC3911’s on resistance, and the load capacitor 
ESR. The required delay time can be calculated from: 



Figure 3. Nominal Overcurrent Delay Time vs CDLY 
and B2 Voltage. 
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APPLICATIONS INFORMATION (cont.) 

In this equation, R is the total circuit resistance, C is the 
capacitor being charged, I is the overcurrent trip current 
(5.25A nominal), and V is the battery voltage. Using the 
minimum trip current of 3.5A and the maximum battery 
voltage of 8.4V, the worst case maximum delay time re- 
quired is defined as: 

fmax(ps) = -R «C(pF) ^^n• 

In the example of Figure 1 , CDLY, Cl and C2 are sized to 
drive a 1 500pF load capacitor. 

If large capacitive loads (or other loads with surge cur- 
rents above the overcurrent trip threshold) are not being 
applied to the pack terminals, the overcurrent delay time 



can be short. In this case, it may be possible to eliminate 
CDLY, as well as R2 and C2 altogether (replacing R2 
with a short). In addition, the time constant of R1 and Cl 
can be made much shorter. R1 and C2 are still neces- 
sary, however, to assure proper operation under short 
circuit conditions. It is important to maintain a minimum 
R1/C1 time constant of 100ps. (For example, R1 and Cl 
could be reduced to 100Q and IpF.) 

Capacitor C3 is recommended, for the case where the 
wires connecting to the top and bottom of the cell stack 
are more than an inch long (not likely in a small battery 
pack). In this case, a 10pf, low ESR tantalum capacitor is 
recommended to prevent excessive overshoot at turn-off 
due to wiring inductance. It should be placed close to 
Dl’s cathode and pins 10 and 1 1 of the UCC391 1 . 


UNITRODE CORPORATION 

7 CONTINENTAL BOULEVARD • MERRIMACK, NH 03054 
TEL (603) 424-2410 ( FAX (603) 424-3460 
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UCC3952-1 A2/-3/-4 

ADVANCED INFORMATION 


Enhanced Single Cell Lithium-Ion Battery Protection 1C 


FEATURES 

• Protects sensitive Lithium Ion cells 
from over-charging and 
over-discharging 

• Dedicated for one cell applications 

• Integrated low impedance MOSFET 
switch and sense resistor 

• Precision trimmed overcharge and 
overdischarge voltage limits 

• Extremely low power drain 

• 2A current capacity 

• Overcurrent and Short Circuit 
Protection 

• Reverse Charger Protection 

• Thermal Protection 


DESCRIPTION 

The UCC3952 is a monolithic BiCMOS lithium-ion battery protection circuit 
that is designed to enhance the useful operating life of one cell recharge- 
able battery pack. Cell protection features consist of internally trimmed 
charge and discharge voltage limits, discharge current limit with a delayed 
shutdown and an ultra low current sleep mode state when the cell is dis- 
charged. Additional features include an on chip MOSFET for reduced exter- 
nal component count and a charge pump for reduced power losses while 
charging or discharging a low cell voltage battery pack. This protection cir- 
cuit requires one external capacitor and is able to operate and safely shut- 
down in the presence of a short circuit condition. 


APPLICATION DIAGRAM 



03/99 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (PACK+ to BN EG-) 5V 

Maximum Forward Voltage (PACK+ to PACK-) 16V 

Maximum Reverse Voltage (PACK+ to PACK-) -8V 

Maximum Cell Continuous Charge Current 3A 

Junction Temperature -55°C to 150°C 

Storage Temperature Range -40°C to 125°C 

Currents are positive into, negative out of the specified termi- 
nal. Consult Packaging Section of Databook for thermal limita- 
tions and considerations of packages. All voltages are 
referenced to GND. 


TSSOP-16 (TOP VIEW) 


PW Package 





TCLK 


16 | PACK+ 

N/C [T 


TT| CBPS 

bneg QT 


~u\ PACK- 

BNEG [T 


7gT| PACK- 

BNEG [T 


IaI 

"D 

> 

O 

T 

BNEG [T 


17] pack- 

BNEG |jT 


To] PACK- 

BNEG [IT 


~9~| PACK- 


CONNECTION DIAGRAMS 


SOIC-16 (TOP VIEW) 



DP Package 
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Cl 



E 
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E 
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E 
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E 



3D 
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3D 
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E 
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ELECTRICAL CHARACTERISTICS: Temperature Range: -20°C < T A < 70°C, Unless otherwise stated. All voltages are 
with respect to BNEG. T A = Tj 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

State Transition Thresholds Section 

NORM to OV (V ov ) 

UCC3952-1 

4.15 

4.20 

4.25 

V 

OV to NORM (Vovr) 

UCC3952-1 

3.85 

3.90 

3.95 

V 

NORM to OV (Vov) 

UCC3952-2 

4.20 

4.25 

4.30 

V 

OV to NORM (Vovr) 

UCC3952-2 

3.90 

3.95 

4.00 

V 

NORM to OV (Vov) 

UCC3952-3 

4.25 

4.30 

4.35 

V 

OV to NORM (Vovr) 

UCC3952-3 

3.95 

4.00 

4.05 

V 

NORM to OV (Vov) 

UCC3952-4 

4.30 

4.35 

4.40 

V 

OV to NORM (Vovr) 

UCC3952-4 

4.00 

4.05 

4.10 

V 

OV Delay Time (Tov) 


1 


2 

sec 

NORM to UV (Vuv) 

UCC3952-1 , UCC3952-2, UCC3952-3, 

UCC3952-4 

2.25 

2.35 

2.45 

V 

UV to NORM (Vuvr) 

UCC3952-1 , UCC3952-2, UCC3952-3, 

UCC3952-4 

2.55 

2.65 

2.75 

V 

Overdischarge Delay Time (Tqd) 


5 

15 

30 

ms 
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ELECTRICAL CHARACTERISTICS: Temperature Range: -20°C < Ta < 70°C, Unless otherwise stated. All voltages are 
with respect to BN EG. Ta = Tj . 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Short Circuit Protection Section | 

ITHLD 

Discharge current limit, PACK+ = 3.7V 

3.0 


4.5 

A 

TDLY 

Discharge current delay, PACK+ = 3.7V 

1 


2 

ms 

Rreset 

Discharge current reset resistance, 

PACK+ = 4.0 

7.5 



M Q. 

Bias Section 

IDD 

Normal operating current. Vpack > Vuv 


5 

14 

HA 

IDD 

Shutdown operating current Vpack < Vuv 



2.5 

pA 

Vmin 

Minimum cell voltage when all circuits are 
guaranteed to be fully functional 



1.7 

V 

FET Switch Section 

VpACK- 

PACK+ > V 0 v, l(SWITCH) = 1mA to 2A 

Battery overcharged state switch permits 
discharge current only. 


100 

400 

mV 

VpACK- 

PACK+ = 2.5V, l(SWITCH) = -1 mA to -2A 

Battery overdischarged state switch permits 
charge current only. 

-600 

-100 


mV 

Ron 

In Normal Mode (when not in OV or UV). This 
value includes package and bondwire resistance. 
PACK+ = 2.5V 


50 

75 

mQ 

Thermal Shutdown Section 

TS 

Thermal shutdown temperature. (Note 1) | 

135 


°C 


Note 1. This parameter is guaranteed by design. Not 100% tested in production. 


PIN DESCRIPTIONS 

BNEG: Connect the negative terminal of the battery to 
this pin. 

PACK+: Connect to the positive terminal of the battery. 
This pin is available to the user. 

CBPS: This power supply bypass pin is connected to 
PACK+ through an internal 10K resistor. An external 
O.IjliF capacitor must be connected between this pin and 
BNEG. 

PACK-: The negative terminal of the battery pack (nega- 
tive terminal available to the user). The internal FET 
switch connects this terminal to the BNEG terminal to 
give the battery pack user appropriate access to the bat- 
tery. In an over-charged state, only discharge current is 
permitted. In an over-discharged state, only charge cur- 
rent is permitted. 


SUB: (DP Package Only) Do not connect. These pins 
must be electrically isolated from all other pins. These 
pins may be soldered to isolated coppper pads for 
heatsinking. However, most applications do not require 
heatsinking. 

TCLK: Production Test Mode pin. This pin is used to 
provide a high frequency clock to the 1C during produc- 
tion testing. In an application this pin may be left uncon- 
nected, or tied to BNEG. 
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APPLICATION INFORMATION 



PW package shown udg-98209 

Figure 1. Detailed block diagram. 



APPLICATION INFORMATION 

Fig. 1 shows a detailed block diagram of the UCC3952. 

Battery Voltage Monitoring 

The battery cell voltage is sampled every 8ms by con- 
necting a resistor divider across it and comparing the re- 
sulting voltage to a precision internal reference voltage. 
Under normal conditions (cell voltage is below Over Volt- 
age threshold and above Under Voltage threshold), the 
UCC3952 consumes less than IOjuA of current and the 
internal MOSFET is fully turned on with the aid of a 
charge pump. 

When the cell voltage falls below the Under Voltage 
threshold for two consecutive samples, the 1C discon- 


nects the load from the battery pack and enters a super 
low power mode. The pack will remain in this state until it 
detects the application of a charger, at which point 
charging is enabled. The requirement of two consecutive 
readings below the UV threshold filters out momentary 
drops in cell voltage due to load transients, preventing 
nuisance trips. 

If the cell voltage exceeds the Over Voltage threshold for 
Isec, charging is disabled, however discharge current is 
still allowed. This feature of the 1C is explained further in 
the section on Controlled Charge/Discharge Mode. 
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APPLICATION INFORMATION (cont.) 

Over Current Monitoring and Protection 

Discharge current is continuously monitored via an inter- 
nal sense resistor. In the event of excessive current, an 
Over Current condition is declared if the high current 
(over 3A) persists for over 1ms. This delay allows for 
charging of the system bypass capacitors without trip- 
ping the overcurrent. A 0.1 pF capacitor on the CBPS pin 
provides momentary holdup for the 1C to assure proper 
operation in the event that a hard short suddenly pulls 
the cell voltage below the minimum operating voltage. 

Once an Over Current condition has been declared, the 
internal MOSFET turns off. The only way to return the 
pack to normal operation is to remove the load by un- 
plugging the pack from the system. The overcurrent is re- 
set when an internal pull down brings PACK(-) to within 
50mV of BNEG. At this point, the pack returns to its nor- 
mal state of operation. 

Controlled Charge/Discharge Mode 

When the chip senses an over-voltage condition, it pre- 
vents any additional charging, but allows discharge. This 
is accomplished by activating a linear control loop which 
controls the gate of the MOSFET based on the differen- 
tial voltage across its drain to source terminals. The lin- 
ear loop attempts to regulate the differential voltage 


across the MOSFET to lOOmV. When a light load is ap- 
plied to the part, the loop adjusts the impedance of the 
MOSFET to maintain lOOmV across it. As the load in- 
creases, the impedance of the MOSFET is decreased to 
maintain the lOOmV control. At heavy loads (still below 
“over-current” limit level), the loop will not maintain regu- 
lation and will drive the gate of the MOSFET to the bat- 
tery voltage (not the charge-pump output voltage). The 
MOSFET Ros(on) in the over-voltage state will be higher 
than RDS(on) during normal operation. The voltage drop 
(and associated power loss) across the internal MOSFET 
in this mode of operation is still significantly lower than 
the typical solution of two external back-to-back 
MOSFETs, where the body diode is conducting. 

When the chip senses an under-voltage condition, it dis- 
connects the load from the battery pack and shuts itself 
down to minimize current drain from the battery. Several 
circuits remain powered and will detect placement of the 
battery pack into a charger. Once the charger presence 
is detected, the linear loop is activated and the chip al- 
lows charging current into the battery. This linear control 
mode of operation is in effect until the battery voltage 
reaches a level of Vuvr> at which time normal operation 
is resumed. 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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y 

kbsssi UNITRODE 

Three - Four Cell Lithium-Ion Protector Circuit 


PRELIMINARY 


FEATURES 

• Three or Four Cell Operation 

• Two Tier Overcurrent Limiting 

• 30jiA Typical Supply Current 
Consumption 

• 3.5pA Typical Supply Current in Sleep 
Mode 

• Smart Discharge Minimizes Losses in 
Overcharge Mode 

• 6.5V to 20 V VDD Supply Range 

• Highly Accurate Internal Voltage 
Reference 

• Externally Adjustable Delays in 
Overcurrent Controller 

• Detection of Loss of Cell Sense 
Connections 


DESCRIPTION 

The UCC3957 is a BiCMOS three or four cell lithium-ion battery pack 
protector designed to operate with external P-channel MOSFETs. Uti- 
lizing external P-channel MOSFETs provides the benefits of no loss of 
system ground in an overdischarge state, and protects the 1C as well as 
battery cells from damage during an overcharge state. An internal state 
machine runs continuously to protect each lithium-ion cell from over- 
charge and overdischarge. A separate overcurrent protection block pro- 
tects the battery pack from excessive discharge currents. 

If any cell voltage exceeds the overvoltage threshold, the appropriate ex- 
ternal P-channel MOSFET is turned off, preventing further charge cur- 
rent. An external N-channel MOSFET is required to level shift to this high 
side P-channel MOSFET. Discharge current can still flow through the 
second PFET. Likewise, if any cell voltage falls below the undervoltage 
limit, the second P-channel MOSFET is turned off and only charge cur- 
rent is allowed. Such a cell voltage condition will cause the chip to go 
into low power sleep mode. Attempting to charge the battery pack will 
wake up the chip. A cell count pin (CLCNT) is provided to program the 1C 
for three or four cell operations. 

A two tiered overcurrent controller and external current shunt protect the 
battery pack from excessive discharge currents. If the first overcurrent 
threshold level is exceeded, an internal timing circuit charges an external 
capacitor to provide a user programmable blanking time. 

(continued) 


BLOCK DIAGRAM 


VDD 


CLCNT 
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AN4 


BATLO 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 20V 

Supply Current 25mA 

Output Current (CHG, DCHG) 25mA 

WU Input Voltage 28 V 

BATLO Input Voltage -0.3V to 2.5 V 

AN1 and AN3 Input Voltage VAN4 - VDD 

CLCNT and CHGEN VAN4 - VDD 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Unless otherwise indicated, voltages are referenced to AN4. 
Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations 
and considerations of packages. 


DESCRIPTION (continued) 

If at the end of the blanking time the overcurrent condi- 
tion still exists, the external discharge FET is turned off 
for a period 17 times longer than the first blanking pe- 
riod, and then the discharge FET is turned back on. If at 
any time a second higher overcurrent threshold is ex- 


CONNECTION DIAGRAM 


SSOP-16 (Top View) 


M Package 




VDD [T 



~16~j DVDD 

CLCNT [T 



T5j AVDD 

WU [T 



~u] CDLY2 

AN1 [T 



~Ti~| DCHG 

AN2 [T 



Ti] CHG 

AN3 |jT 



TTj AN4 

AN4 |~7~ 



To] CDLY 1 

BATLO [IT 



~9~| CHGEN 


ceeded for more than a user programmable time, the dis- 
charge FET is turned off, and will remain off for the same 
period as the first tier off time. This two tiered overcurrent 
protection scheme allows for charging capacitive loads 
while retaining effective short circuit protection. 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VDD = 16V and -20°C < Ta < 70°C, Ta = Tj. 
All voltages measured with respect to the AN4 terminal. 


PARAMETER 

TEST CONDITIONS I MIN 

TYP 

MAX | UNITS 

Supply Section 

Minimum Vdd 



5.0 

5.5 

V 

Supply Current 



30 

40 

HA 

Sleep Mode Supply Current 

V DD = 10.4V 


3.5 

7.5 

pA 

Output Section 

DCHG Output Current 

Driving Logic Low and Vo = 1 V 

40 

70 

100 

pA 

Driving Logic High and Vo = VDD - 1 

-20 

-7 

-3 

mA 

CHG Ouput Current 

Driving Logic Low and Vo = 1 V 

40 

70 

100 

HA 

Driving Logic High and Vq = VDD - IV 

-20 

-7 

-3 

mA 

State Transitions 

Normal to Overcharge 

UCC3957-1 

4.15 

4.20 

4.25 

V 

Overcharge to Normal 

UCC3957-1 

3.95 

4.00 

4.05 

V 

Normal to Overcharge 

UCC3957-2 

4.20 

4.25 

4.30 

V 

Overcharge to Normal 

UCC3957-2 

4.00 

4.05 

4.10 

V 

Normal to Overcharge 

UCC3957-3 

4.25 

4.30 

4.35 

V 

Overcharge to Normal 

UCC3957-3 

4.05 

4.10 

4.15 

V 

Normal to Overcharge 

UCC3957-4 

4.30 

4.35 

4.40 

V 

Overcharge to Normal 

UCC3957-4 

4.10 

4.15 

4.20 

V 

Undercharge to Normal 


2.5 

2.6 

2.7 

V 

Normal to Undercharge 


2.2 

2.3 

2.4 

V 

OV to CHG Delay 

(Note 1 ) 

10 

17 

23 

ms 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VDD = 16V and -20°C < Ta < 70°C, Ta = Tj. 
All voltages measured with respect to the AN4 terminal. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

State Transitions (continued) 






UV to DCHG Delay 

(Note 1) 

10 

17 

23 

ms 

Cell Sample Rate 

(Note 1) 

5 

8.5 

11.5 

ms 

Smart Discharge Threshold 

BATLO Voltage 

12 

15 

20 

mV 

Wakeup Input Threshold 

With Respect to Vdd 

50 



mV 

Charge Enable Input Threshold 


0.8 

1.3 

2.6 

V 

Short Circuit Protection 

First Tier Threshold Level 

Vbatlo 

120 

150 

180 

mV 

Second Tier Threshold Level 

Vbatlo 

300 

375 

450 

mV 

First Tier Blanking Time 

CDLY1 = O.IjiF 

30 

50 

70 

ms 

Restart Time 

CDLY1 = 0.1 jliF 

300 

500 

700 

ms 

Second Tier Blanking Time 

CDLY2 = lOpF 

200 

400 

550 

JIS 


Note 1: Tested at probe only. 

Note 2: Other OV/UV thresholds are available. Please consult the factory. 


PIN DESCRIPTIONS 

AN1: Connects to the negative terminal of the top battery 
cell and the positive terminal of the second battery cell. 

AN2: Connects to the bottom terminal of the second 
battery cell and the top terminal of the third battery cell. 

AN3: Connects to the bottom terminal of the third battery 
cell and the top terminal of the fourth battery cell in a four 
cell stack. In a three cell pack it connects to the bottom 
terminal of the third battery and to AN4. 

AN4: Connects to the bottom terminal of the battery 
stack and the top of the current sense resistor. 

AVDD: Internal analog supply bypass cap pin. Connect a 
0.1 \iF capacitor between this pin and AN4. This pin is 
nominally 7.3 V. 

BATLO: Connects to the bottom of the current sense 
resistor and the negative terminal of the battery pack. 

CHGEN: The charge enable input for the protection 1C. 
This point must be driven high to allow charging of the 
battery pack. This pin has a very weak pulldown. 

CDLY1: Delay control pin for the short circuit protection 
feature. A capacitor connected between this point and 
AN4 will determine the time delay from when an 
overcurrent situation is detected to when the FET is 
turned off. This capacitor also controls the hiccup mode 
timeout period. 

CDLY2: An external cap can be tied between this pin and 
AN4 to extend the blanking time on the second current 
limit tier. 


CLCNT: This pin programs the 1C for three or four cell 
operation. Tying this pin low (to AN4) sets four cell opera- 
tion, w'hile tying it high (to VDD or the preferred DSPLY 
or ASPLY) sets three cell operation. This pin is internally 
pulled low, so open circuit conditions will always result in 
four cell mode. 

DCHG: This pin is used to prevent overdischarge. If the 
state machine indicates that any cell is undervoltage, this 
pin will be driven high with respect to chip substrate so 
that the external P-channel MOSFET will prevent further 
discharge. If all cell voltages are above the minimum 
threshold, this pin will be driven low. 

CHG: This pin is used to control an external N-channel 
MOSFET, which in turn drives a P-channel MOSFET. If at 
least one cell voltage is over the OV threshold, this pin 
will be driven low with respect to AN4. If all cell voltages 
are below this threshold, this pin will be driven high. 

DVDD: Internal digital supply bypass capacitor pin. Con- 
nect a 0.1 pF capacitor between this pin and AN4. This 
pin is nominally 7.3V. 

VDD: Supply voltage to the 1C. Connect this point to the 
top of the lithium-ion battery stack. 

WU: This pin is used to provide a wake up signal to the 
1C during sleep mode. Connect this pin to the drain of the 
N-channel level shift MOSFET. 
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APPLICATION INFORMATION 
Overview 

The UCC3957 provides complete protection against 
over-discharge, over-charge and overcurrent for a three 
or four cell Lithium-Ion battery pack. It uses a “flying ca- 
pacitor” technique to sample the voltage across each bat- 
tery cell and compare it to a precision reference. If any 
cell is in over or under-voltage, the internal state machine 
takes the appropriate action to prevent further charge or 
discharge. High-side P-MOSFETs are used to independ- 
ently control charge and discharge current. Typical appli- 
cation circuits are shown in Figures 1 and 2. 

Connecting the Cell Stack 

When connecting the cell stack to the circuit, it is impor- 
tant to do it in the proper order. First, the bottom of the 
stack should be connected to AN4 . Next, the top of the 
stack should be connected to VDD. The cell taps can 
then be connected to AN1-AN3 in any order. 

Choosing Three or Four Cells 

For three cell packs, the cell count pin (CLCNT) should 
be connected to the DSPLY pin, and the AN3 pin should 
be tied to the AN4 pin. For four cell applications, the 
CLCNT pin should be grounded (to AN4) and the AN3 
pin will be connected to the positive terminal of the bot- 
tom cell in the stack. 

Under-voltage Protection 

When any cell is found to be over-discharged (below the 
Normal to Undercharge threshold), the state machine 
turns off both high-side FETs and enters the sleep mode, 
where current consumption drops to about 3.5uA. It re- 
mains in sleep mode until the application of a charger is 
sensed by the Wake Up (WU) pin being raised above 
VDD. 

Charging 

Once a charger has been applied, the Charge FET will 
be turned on as long as the Charge Enable input 
(CHGEN) is pulled up to the DSPLY pin. If the CHGEN 
input is left open (or connected to AN4), the Charge FET 
will remain off. 

During charge, the Discharge FET will be off (current will 
be conducted through its body diode) until the cell volt- 
ages are all above the Undercharge to Normal threshold. 
Once the cell voltages are above this threshold, the Dis- 
charge FET will be turned on, minimizing power dissipa- 
tion. 

Open Wire Protection 

The UCC3957 provides protection against broken cell 
sense connections within the pack. If the sense connec- 
tion to one of the cells (pins AN1, 2 or 3) should become 


disconnected, weak internal current sources will make 
the cells connected to that wire appear to be in over- 
charge and charging of the pack will be prevented. 

Over-voltage Protection and the “Smart Discharge” 
Feature 

If any cell is charged to a voltage exceeding the Normal 
to Overcharge threshold, the Charge FET will be turned 
off, preventing further charge current. Hysteresis keeps 
the Charge FET off until the cell voltages have dropped 
below the Overcharge to Normal threshold. In most pro- 
tector designs, the Charge FET is held off completely 
within this voltage band. During this time, discharge cur- 
rent must be conducted through the body diode of the 
Charge FET. This forward voltage drop can be as high as 
IV, causing significant power dissipation in the Charge 
FET and wasting precious battery power. 

The UCC3957 has a unique “Smart Discharge” feature 
that allows the Charge FET to come back on (for dis- 
charge only) while still in the overcharge hysteresis band. 
This greatly reduces power dissipation in the Charge 
FET This is accomplished by sensing the voltage drop 
across the current sense resistor. If this drop exceeds 
15mV (corresponding to 0.6 amps of discharge current 
using a .025 sense resistor), the Charge FET is turned 
back on. This threshold assures that only discharge cur- 
rent will be conducted. In an example using a 20mQ FET 
with a IV body diode drop and a 1 amp load, the power 
dissipation in Q1 would be reduced from 1 watt to 0.02 
watts. Note that a similar technique is not used during 
charge (when the Discharge FET is off due to cells being 
in undervoltage) because the charge current should be 
low while the cells are in undervoltage. 

Protection Against a Runaway Charger 

The use of a small N-channel level shifter (Q3 in the ap- 
plication diagrams) allows the 1C to interface with the 
high-side Charge FET (Q1), even in the presence of a 
runaway charger. Only the drain-source voltage rating of 
the charge FET limits the charge voltage that the protec- 
tion circuit can withstand. The Wakeup (WU) pin is de- 
signed to handle input voltages greater than VDD, as 
long as the current is limited. In the examples shown, the 
Charge FET’s gate-source resistor (R1) provides this cur- 
rent limiting. Note that in Figure 2, a resistor and zener 
(R2 and VR1) have been added to protect Q1 against 
any possibility of a voltage transient exceeding its maxi- 
mum gate-source rating. 

Overcurrent Protection 

The UCC3957 protects the battery pack from an over- 
load or a hard short circuit using a two-tier overcurrent 
protection scheme. The overcurrent protection is de- 
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Figure 1. Three cell lithium-ion protector application diagram, showing optional charge enable switch. 

Note: D1 protects Q2 from inductive kick at turn-off. 
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Figure 2. Four cell protector with optional components to protect the charge FET from excessive gate-source 
transients. 

Notel. VR1 and R2 are optional. They protect Q1 from excessive open-circuit charger voltage. 

Note 2. D1 protects Q2 from inductive kick at turn-off. 
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APPLICATION INFORMATION (continued) 



Figure 3. Typical tier 1 Overcurrent delay time and 
off time vs. CDLY1. 


signed to go into a hiccup mode when the voltage drop 
across an external sense resistor (connected to the AN4 
and BATLO pins) exceeds a certain threshold. In this 
mode, the Discharge FET is periodically turned off and 
on until the fault is removed. Once the fault is removed, 
normal operation is automatically resumed. 

To facilitate charging large capacitive loads, there are two 
overcurrent threshold voltages, each with its own user 
programmable time delay. This two-tier approach pro- 
vides fast response to short circuits, while enabling the 
battery pack to provide short duration surge currents. It 
also facilitates the charging of large filter caps without 
causing nuisance overcurrent trips. 

The first tier threshold is 150mV nominal, corresponding 
to 6 amps using a .025 sense resistor as shown in the 
examples of Fig’s 1 & 2. If the pack discharge current ex- 
ceeds this amount for a period of time, determined by the 
capacitor on the CDLY1 pin, then the hiccup mode will be 
entered. The first tier hiccup duty cycle is fixed at approx- 
imately 6%, minimizing power dissipation in the event of 
a sustained overload. The absolute on and off times of 
the Discharge FET (Q2) are controlled by the CDLY1 ca- 
pacitor. A curve relating the delay (on) time to this capac- 
itor value is shown in Figure 3. The off time is 
approximately 17 times longer than the on time. 

The second tier overcurrent threshold is nominally 
375mV, corresponding to 15 amps using a .025 sense re- 
sistor. If the pack current exceeds this value for a period 
of time, determined by the capacitor on the CDLY2 pin, 
then the hiccup mode will be entered with a much lower 
duty cycle, typically less than 1%. The relationship of this 

6 - 



Figure 4. Typical tier 2 Overcurrent delay time vs. 
CDLY2. 


time delay (on time) to the CDLY2 capacitor value is 
shown in the curve of Figure 4. The off time during this 
hiccup mode is still determined by the CDLY1 capacitor, 
as previously described. This technique greatly reduces 
the stress and power dissipation in the FETs during short 
circuit conditions. 

In the examples shown in Fig’s 1 & 2 (with 

CDLY1=.022pF), the first tier overcurrent on time will be 
about 10msec, while the off time will be about 170msec, 
resulting in a 5.9% duty cycle for currents over 6 amps 
(but less than 15 amps). If no CLDY2 capacitor is used, 
the second tier on time will be less than 200|Lisec (as- 
suming no stray capacitance), resulting in a duty cycle of 
about 0.1% for currents over 15 amps. If CDLY2=22pF, 
the typical on time for currents exceeding 15 amps will be 
about 800usec, resulting in a duty cycle of 0.5%. 

Protecting Against Inductive Kick at Turn-off 

In the case of a short circuit, the di/dt that occurs when 
the Discharge FET is turned off can result in a significant 
voltage undershoot at the pack output due to stray induc- 
tance. This undershoot can potentially exceed the break- 
down voltage rating of the Discharge FET. A clamp diode 
(D1 in Fig’s 1 , 2 & 3), or a capacitor across the pack out- 
put, protects against this possibility. A diode also pro- 
vides protection from a reverse polarity charger. 

During turn-off, a voltage overshoot can occur at the top 
of the cell stack, due to wiring inductance and the cells’ 
internal ESL (Equivalent Series Inductance). During very 
high di/dt conditions, such as that which occurs when 
turning off in response to a short circuit, this voltage 
overshoot can be significant and potentially damage the 
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APPLICATION INFORMATION (continued) 



Figure 5. Four cell protector with slew rate limiting the discharge FET. 

Note 1: VR1 and R2 are optional. They protect Q1 from excessive open-circuit charger voltage. 
Note 2. R3 and C5 are chosen based on capacitive load that must be driven. 

Note 3. R4 minimizes inductive kick at turn-off. 


1C or the Discharge FET (Q2). For this reason, it is 
strongly recommended that a capacitor (C5 in Fig’s 1 & 
2) be placed across the cell stack, from VDD to AN4, and 
that stray inductance be minimized in the battery current 
path. An alternative to adding a capacitor across the cell 
stack is to reduce the di/dt. This is discussed in the next 
section. 

Controlling Discharge FET Turn-on / Turn-off Times 

By slew rate limiting the pack output voltage at turn-on, 
the surge current into large capacitive loads can be 
greatly reduced. 

This allows the designer to select shorter overcurrent de- 
lay times, minimizing the stress on Q1 and Q2 in the 
event of a shorted pack output. A simple method of im- 
plementing slew rate limiting is shown in Figure 5. It con- 
sists of an RC network (R3 and C5) between gate and 
drain of the Discharge FET (Q2) to control its turn-on 
time. This circuit relies on the relatively high sink imped- 
ance (about 20K) of the UCC3957’s DCHG output. The 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 


values shown for R3 and C5 will provide a pack output 
voltage rise time of about 4.5msec when the Discharge 
FET (Q2) is turned on. Note that the addition of R3 and 
C5 has made it possible to eliminate the CDLY2 capaci- 
tor, for the quickest response to a true short circuit. While 
this circuit will not prevent a large surge current when in- 
serting a “live” battery pack into a highly capacitive load, 
it will allow it to restart (after one hiccup cycle) if this ini- 
tial surge current trips the overcurrent protection. 

Increasing the turn-off time of the Discharge FET (Q2) 
reduces the inductive kick that results during turn-off af- 
ter an overcurrent condition. This is accomplished by 
adding a resistor (R4) in series with the DCHG output. 
This reduction of di/dt at turn-off will minimize (or elimi- 
nate) the need for a capacitor across the battery stack. It 
is recommended that this resistor value not exceed a few 
hundred ohms, or the ability to turn off quickly enough 
into a short may be compromised. 

Due to the relatively low charge currents (typically a few 
amps max), controlling the turn-on and turn-off times of 
the Charge FET is not beneficial. In fact, the turn-off time 
of the Charge FET will be slow due to the large value of 
R1, the gate-source resistor. 
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^ UNITRODE 

Single Cell Lithium-Ion Battery Protection Circuit 


FEATURES 

• Protects Sensitive Lithium-Ion Cells Form 
Over Charging and Over Discharging 

• Dedicated for One Cell Applications 

• Does Not Require External FETs or Sense 
Resistors 

• Internal Precision Trimmed Charge and 
Discharge Voltage Limits 

• Extremely Low Power Drain 

• Low FET Switch Voltage Drop of 150mV 
Typical for 3A Currents 

• Short Circuit Current Protection (with User 
Programmable Delay) 

• 3A Current Capacity 

• Thermal Shutdown 


DESCRIPTION 

UCC3958 is a monolithic BCMOS lithium-ion battery protection 
circuit that is designed to enhance the useful operating life of 
one cell rechargeable battery packs. Cell protection features 
consist of internally trimmed charge and discharge voltage lim- 
its, discharge current limit with a delayed shutdown and an ultra 
low current sleep mode state when the cell is discharged. Addi- 
tional features include an on chip MOSFET for reduced exter- 
nal component count and a charge pump for reduced power 
losses while charging or discharging a low cell voltage battery 
pack. This protection circuit requires a minimum number of ex- 
ternal components and is able to operate and safely shutdown 
in the presence of a short circuit load. 


• User Controlled Enable Pin 

BLOCK DIAGRAM 



SUB 
| SUB 
| SUB 
SUB 


6/98 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (PACK+ to BNEG) 7.5V 

Maximum Continuous Charge Current 3A 

Maximum Charger Voltage (PACK+ to PACK-) 9V 

Maximum Reverse Voltage (PACK+ to PACK-) -8V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 

Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations and 
considerations of packages. 


PRELIMINARY 


CONNECTION DIAGRAMS 


SOIC-16 (Top View) 


DP Package 


OVUVB [7 



16] PACK + 

LPWARN [T 



15] CBPS 

CEB \J 



U\ CDLY 

SUB |T 



13] SUB 

SUB |jf 



ji] SUB 

BNEG [T 



7] PACK- 

BNEG [7j 



JO] PACK- 

BNEG [T 




ET] PACK- 


TSSOP-24 (Top View) 
PWP Package 



PACK + 

CBPS 

CDLY 

EGND 

SUB 

SUB 

SUB 

SUB 

PACK- 

PACK- 

PACK- 

PACK- 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, PACK+ = 4V, -20°C < Ta < 70°C. All voltages 
measured with respect to BNEG. Ta = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

State Transition Thresholds 

NORM to OV (Vov) 

UCC3958-1 

4.15 

4.20 

4.25 

V 

OV to NORM (Vthi) 

UCC3958-1 

3.85 

3.90 

3.95 

V 

NORM to OV (Vov) 

UCC3958-2 

4.20 

4.25 

4.30 

V 

OV to NORM (Vthi) 

UCC3958-2 

3.90 

3.95 

4.00 

V 

NORM to OV (Vov) 

UCC3958-3 

4.25 

4.30 

4.35 

V 

OV to NORM (Vthi) 

UCC3958-3 

3.95 

4.00 

4.05 

V 

NORM to OV (Vov) 

UCC3958-4 

4.30 

4.35 

4.40 

V 

OV to NORM (Vthi) 

UCC3958-4 

4.00 

4.05 

4.10 

V 

NORM to UV (Vuv) 

(Note 1) 

2.25 

2.35 

2.45 

V 

UV to NORM (Vtlo) 


2.55 

2.65 

2.75 

V 

OV, UV Delay Time (T D ) 

All Dash Numbers 

7 

18 

34 

msec 
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PRELIMINARY 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, PACK+ = 4V, -20°C < T A < 70°C. All voltages 
measured with respect to BN EG. Ta = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

BNEG/PACK - SWITCH 

Vbneg - VpaCK 

NORM, IswiTCH = 2A 


-100 

-150 

mV 

NORM, IswiTCH = -2A 


100 

150 

mV 


Vpack+ > Vov, ^SWITCH = 20mA to 2A, 

(OV State) 


-100 

-300 

mV 


Vpack+ = 2.5V, IswiTCH = -20mA to -2A, 

(UV State) 


100 

600 

mV 

RDSon 

NORM IswiTCH = 2A 


50 

75 

mQ 

NORM IswiTCH = -2A 


50 

75 

mO 

Ibneg - (Charger Leakage Current in OV) 

Vpack+ > Vov (OV State) 

([VpACK+] - [V PACK - ] = 6V) 


1 

20 

pA 

BIAS Current 

IPACK+ 

VPACK+ > Vyv 


7 

20 

pA 

IPACK+ 

In Super Low Power Mode (Vpack+ < Vyv) 


1 

1.5 

pA 

Vbat 

Minimum Operating Cell Voltage 



1.5 

V 

Battery Sample Rate (Ts) 


7 

12 

17 

ms 

Short Circuit Protection 

ITHLD 


2.75 

5.25 

7.25 

A 

TDLY 

CDLY = 0 


350 


ps 

CDLY = lOOpF 

(Maximum Recommended Value) 


2.5 


ms 

Rreset 

Overcurrent Reset Resistance 

7.5 



M£2 

LPWARN Output 

LP Warn Threshold 


2.55 

2.65 

2.75 

V 

TR 

Cload = 100pF, 10% to 90% of PACK+ 


280 

560 

ns 

TF 

Cload = 1 0OpF, 1 0% to 90% of PACK+ 


120 

280 

ns 

Vhigh (Vpack+ -Vlpwarn) 

Isink = 200pA, Vuv < V pack+ < Vtlo 


0.3 

0.4 

V 

Vlow 

•source = 200pA, Vjlo < Vpack+ < Vyv 


0.3 

0.4 

V 

Measure Delay 



6 


ms 

OVUVB Output 

TR 

Cload = 100pF, Hi Z to 90% of PACK+ 


280 

560 

ns 

TF 

Cload = 100pF, Hi Z to 10% of PACK+ 


140 

280 

ns 

Vhigh (Vpack+ - Vovuvb) 

ISOURCE = 200pA, VPACK+ > Vov 


0.3 

0.4 

V 

Vlow 

Isink = 200pA, Vpack+< V uv 


0.3 

0.4 

V 

Zout 

Output Tristated 


10 


ML* 

Measure Delay 



18 


ms 

CE Input 

ISINK 


150 

nA 


Note 1: Other threshold voltages are available. 
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PIN DESCRIPTIONS 

BNEG: Connect the negative terminal of the battery to 
these pins. 

CBPS: This power supply bypass pin is connected to 
PACK+ through an internal 10k resistor. An external 
capacitor must be connected between this pin and 
BNEG. This capacitor functions as temporary charge 
storage for high current conditions (short circuit). 
Minimum capacitor value is 0.15juF. This value should be 
increased if the CDLY cap is used. 

CDLY: Delay control pin for the short circuit protection 
feature. A capacitor connected between this pin and the 
BNEG pin will increase the time delay for sensing an 
over current condition. This adjustment may be useful in 
those applications where high peak load currents may 
momentarily exceed the protection circuit’s threshold and 
interruption of the battery current would be undesirable. 
The nominal delay time is set internally at 350ps 

CEB: Chip Enable Bar. This pin is pulled low (wrt BNEG) 
by a lOOnA current source. In order to disable the 1C, the 
user must pull this pin high to PACK+. 

LPWARN: Low Power Warning Indicator. This pin is 
forced high when the battery voltage drops below Vtlo 


APPLICATION INFORMATION 
Battery Voltage Monitoring 

The battery cell voltage is sampled every 12ms by con- 
necting a resistor divider across it and comparing the re- 
sulting voltage to a precision internal reference voltage. 
Under normal conditions (cell voltage is below Over Volt- 
age threshold and above Under Voltage threshold), the 
UCC3958 consumes approximately 7jiA of current and 
the internal MOSFET is turned on with an Rdson of 
50m£l The UCC3958 contains an on-chip Charge Pump 
to ensure that the internal MOSFET gate is driven high 
for complete turn-on, reducing power losses. The charge 
pump switches and capacitors are all internal. 

When the cell voltage falls below the Under Voltage 
threshold for two consecutive samples, the 1C discon- 
nects the load from the battery pack and enters a super 
low power mode (nominally IpA). The pack will remain 
in this state until it detects the application of a charger, at 
which point controlled charging is enabled. The require- 
ment of two consecutive readings below the UV thresh- 
old filters out momentary drops in cell voltage due to load 
transients, preventing nuisance trips. 


PRELIMINARY 

(nominally 2.65V). This pin will stay high until the 
detected battery voltage goes above Vtlo, or UV 
condition is declared. 

OVUVB: This pin is an overvoltage/undervoltage 
condition indicator. Under normal operating conditions 
this pin is tristated. When an overvoltage (OV) state is 
detected, this pin is pulled high. When undervoltage (UV) 
condition is detected, this pin is pulled low. 

PACK+: Connect to the positive terminal of the battery. 
This pin is available to the user. 

PACK-: These pins should be connected to the negative 
terminal of the battery pack (negative terminal available 
to the user). The internal FET switch connects this 
terminal to the BNEG terminal to give the battery pack 
user appropriate access to the battery. In an overcharged 
state, only discharge current is permitted. In an 
overdischarged state, only charge current is permitted. 

SUB: Do not connect. These pins must be electrically 
isolated from all other pins. These pins may be soldered 
to isolated copper pads for heatsinking. This will improve 
heat transfer, which may be necessary at high load 
currents. 


If the cell voltage exceeds the Over Voltage threshold for 
two consecutive samples, charging is disabled, however 
discharge current is still allowed. This feature of the 1C is 
explained further in the section on Controlled Charge/ 
Discharge Mode. 
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Figure 1. Typical Rdson vs Cell Voltage (DP Package 
Pin 7 to Pin 10, at 25°C, 1 Amp Load) 
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APPLICATION INFORMATION (continued) 
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Figure 2. Typical OV Leakage Current with Runaway 
Charger at 25°C 


Over Current Monitoring and Protection 

Discharge current is continuously monitored via an inter- 
nal sense resistor. In the event of excessive current, an 
Over Current condition is declared if the high current 
state persists for over 350ps. This delay allows for charg- 
ing of the system bypass capacitors without tripping the 
overcurrent. A delay of 350ps guarantees that the pack 
can charge up to 680pF without declaring an Over Cur- 
rent condition. The delay may be extended to charge 



PRELIMINARY 

larger load capacitors by connecting an external delay 
capacitor from the CDLY pin to one of the BNEG pins. 

Once an Over Current condition has been declared, the 
internal MOSFET turns off. The only way to return the 
pack to normal operation is to remove the load by un- 
plugging the pack from the system. The overcurrent is re- 
set when an internal pull down brings PACK- to within 
less than 0.05V above BNEG. At this point, the pack re- 
turns to its normal state of operation. A capacitor on the 
CBPS pin provides momentary holdup for the UCC3958 
to assure proper operation in the event that a hard short 
suddenly pulls the cell voltage below the minimum oper- 
ating voltage. This cap value can be 0.1 5pF if the op- 
tional CDLY capacitor is not used. An internal 10k 
resistor buffers the bypass capacitor from the Li-Ion cell. 
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Figure 4. Typical Overcurrent Delay Time vs CDLY 


System Status Indicators 

The UCC3958 provides several convenient system moni- 
toring signals. The first one is the Low Power Warning. 
This output goes high when the cell voltage is less than 
300mV above the Under Voltage Threshold. It signals 
the system that the battery is getting close to its dis- 
charge limit. 

The second monitoring signal is a tri-statable OV/UV out- 
put. Under normal operations conditions, this signal is 
tri-stated. When an Over Voltage condition is declared, 
the output is pulled high. When an Under Voltage condi- 
tion is declared, the output is pulled low. This signal is 
especially useful during test, allowing easy verification of 
the OV and UV thresholds. These outputs are with re- 
spect to BNEG. 
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APPLICATION INFORMATION (continued) 



Figure 5. Typical MOSFET Voltate Drop During 
Charge in UV vs. Cell Voltage. 


PRELIMINARY 

Controlled Charge/Discharge Mode 

When the chip senses an over-voltage condition, it pre- 
vents any additional charging, but allows discharge. This 
is accomplished by activating a linear control loop which 
controls the gate of the MOSFET based on the differen- 
tial voltage across its drain to source terminals. The lin- 
ear loop attempts to regulate the differential voltage 
across the MOSFET to lOOmV. When a light load is ap- 
plied to the part, the loop adjusts the impedance of the 
MOSFET to maintain lOOmV across it. As the load in- 
creases, the impedance of the MOSFET is decreased to 
maintain the lOOmV control. At heavy loads (still below 
“over-current” limit level), the loop will not maintain regu- 
lation and will drive the gate of the MOSFET to the bat- 
tery voltage (not the charge-pump output voltage). The 
MOSFET Rdson in the over-voltage state will be slightly 
higher than Rdson during normal operation. The voltage 
drop (and associated power loss) across the internal 
MOSFET in this mode of operation is lower than the typi- 
cal solution of two external back-to-back MOSFETs, 
where the body diode is conducting. 


f 1 



Figure 6. Single Cell Lithium-Ion Battery Protector 1C Application Diagram 
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APPLICATION INFORMATION (continued) 

When the chip senses an under-voltage condition, it dis- 
connects the load from the battery pack and shuts itself 
down to minimize current drain from the battery. Several 
circuits remain powered and will detect placement of the 
battery pack into a charger. Once the charger presence 


is detected, the linear loop is activated and the chip al- 
lows charging current into the battery. This linear control 
mode of operation is in effect until the battery voltage 
reaches a level 300mV above the under-voltage thresh- 
old, at which time normal operation is resumed. 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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Design Note 

UCC3911 Demonstration Board 


The UCC391 1 demo board comes fully assembled, 
ready to test. It provides complete 
over-charge/over-discharge protection, as well as 
short circuit protection, for two Lithium-Ion cells. 
The user needs only to supply the two cells (or two 
power supplies) and a load (or a charger). 

The board has been made approximately the size 
that would fit into a battery pack. The values se- 
lected for Cl , C2 and CDLY will allow the charging 
of approximately 1500|uf of load capacitance with- 
out tripping the overcurrent. This can be changed 
by the user if desired. Refer to the application sec- 
tion for more details. 

The demo board schematic with the high current 
paths is shown in Figure 1. A parts list is given in 
Table 1 . Note that test pads are provided for moni- 
toring the KILL, OV, UV and LPWARN outputs, if 
desired. 


Connecting the Cells 

It is recommended that the Celll(-) connection be 
made first, then the Cell2(+) connection. Pads for 
soldering to the battery tabs are provided on the 
back side of the board. They are labeled as Cell2 
(+) and Celll (-). This allows the board to sit right on 
top of the cells, eliminating the resistance and in- 
ductance associated with wiring. In addition, large 
plated through holes with the same labels are pro- 
vided for attaching wires to an alternate power 
source, such as two adjustable lab supplies. The 
connection from the board to the middle of the two 
cells is made using the small plated through hole 
connected to R2, near the center of the board. This 
connection should be made after the other two, 
and can be done using a small wire, as the current 
is extremely low. 



1/98 
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Capacitor C3 is required to assure a low supply im- 
pedance at the 1C. This helps to mitigate the effects 
of battery ESR and ESL on circuit performance. 
This is especially important under short circuit con- 
ditions, where large di/dt's may otherwise cause a 
“rebound” or overshoot at turn-off. 

Connecting the Load or Charger 

The load (or Li-Ion charger) is connected to the cir- 
cuit using the large plated through holes labeled 
Pack(+) and Pack(-). 

Initializing & Enabling the 1C 

The UCC391 1 may be disabled by placing a short- 
ing jumper in the J1 location. This keeps the inter- 
nal FET off, preventing charge or discharge of the 
cells, by holding the CE pin low. This also resets 
the “kill” latch and initializes the state machine. The 
circuit is enabled when the jumper is removed. The 
demo boards are shipped without the jumper in 
place. To initialize the 1C, it is necessary to momen- 
tarily bridge the J1 pads after the cells are con- 
nected. When the jumper is removed, the circuit 
will be enabled. This only needs to be done once. 
To re-enable the 1C after an overcurrent (or 
undervoltage) shutdown, momentarily connect the 
Pack output to a charger. 

UCC3911 APPLICATION INFORMATION 

While the UCC3911 is capable of providing over- 
load and over and undervoltage protection of both 
cells with virtually no external parts, the demands 
of true short circuit protection require some pas- 
sive external components. These are discussed in 
detail below. 

Referring to Figure 1, diode D1 acts as a clamp 
across the battery pack output terminals to prevent 
damage to the 1C from inductive kick when the 
pack current is shut off due to an overcurrent or 
over/undervoltage condition. It also provides re- 
verse polarity protection during charge. 

To prevent a momentary cell voltage drop, caused 
by large capacitive loads, from causing an errone- 
ous undervoltage shutdown, an RC filter is re- 
quired in series with the two battery sense inputs, 
B1 and B2. The resistors (R1 and R2) are sized to 
have a negligible impact on voltage sensing accu- 
racy. The capacitors (Cl and C2) should be sized 
to provide a time constant longer than the 
overcurrent delay time. In the example of Figure 1, 


they are sized for a nominal 2.2msec time con- 
stant. They do not need to be low ESR style caps, 
as they see no ripple current. A larger resistor 
value and smaller cap value can be used on the B1 
input due to the extremely low input current on this 
pin. (Note: the 5uA current listed in the data sheet 
for B1 is for test purposes. The current in this pin is 
guaranteed by design to be much less than 1 uA.) 

The overcurrent delay capacitor, Cdelay, is dis- 
cussed in the data sheet. This cap sets the time 
delay introduced before turning off the UCC3911's 
internal FET, after the overcurrent threshold is ex- 
ceeded. If no capacitor is used, the nominal delay 
is 1 0Ojisec. To charge large capacitive loads with- 
out tripping the overcurrent circuit, a small cap 
(typically less than lOOOpF) is used to extend the 
delay time. The approximate delay time is given be- 
low and shown graphically in Figure 2. 


Tdela y(|i sec) = 25 + (25 + CDLY(pf)) • 0.4 • Vbatt 

The amount of time required will be a function of 
the load capacitance, battery voltage, and the total 
circuit impedance, including the internal resistance 
of the cells, the UCC391 1 's on resistance, and the 
load capacitor ESR. The required delay time can 
be calculated from: 

T = -R.C.In 


In this equation, R is the total circuit resistance, C 
is the capacitor being charged, I is the overcurrent 
trip current (5.25 Amps nominal), and V is the bat- 
tery voltage. Using the minimum trip current of 3.5 
Amps and the maximum battery voltage of 8.4V, 
the worst case maximum delay time required is de- 
fined as: 

Tmax(\i sec) =-R In 



In the example of Figure 1, Cdelay, Cl and C2 are 
sized to drive a 1500|xF load capacitor. If large ca- 
pacitive loads (or other loads with surge currents 
above the overcurrent trip threshold) are not being 
applied to the pack terminals, the overcurrent delay 
time can be short. In this case, it may be possible 
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Delay Cap (pf) 


Figure 2. Nominal Overcurrent Delay Time vs. CLDY and VBATT 


to eliminate Cdelay, as well as R2 and C2 alto- 
gether (replacing R2 with a short). In addition, the 
time constant of R1 and Cl can be made much 
shorter. R1 and C2 are still necessary, however, to 
assure proper operation under short circuit condi- 
tions. It is important to maintain a minimum R1/C1 
time constant of lOOjasec. (For example, R1 and 
Cl could be reduced to 100 Ohms and 1 |uF.) 

Capacitor C3 prevents excessive overshoot at 
turn-off due to parasitic inductance. This is espe- 
cially true under short circuit conditions, when a 
very high di/dt will occur at turn-off. A minimum of 
22fif is recommended. It should be placed close to 
D1 's cathode and pins 1 0 and 1 1 of the UCC391 1 . 


Jumper J1, while in place, keeps the UCC3911 in- 
hibited (pack output open). The jumper is removed 
or cut as the last step in manufacturing the battery 
pack to enable the output. 

The four substrate pins (4, 5, 12, 13) may be sol- 
dered to electrically isolated copper pads to aid in 
heat transfer when operating at high load currents. 

For more complete information, pin descriptions 
and specifications for the UCC391 1 , please refer to 
the datasheet or contact your Unitrode Field Appli- 
cations Engineer. 
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Reference 

Designator 

Part Description 

Part Value 

Manufacturer 

Part Number 

Cl 

Tantalum Capacitor 

10,jF, 16V, “B” Case 

Sprague 

696D1 06X001 6B2T 

c? 

Ceramic Capacitor 

O.Ppj.F. 16V, 0806 Case 

AVX 

0806YC224KAT 

C8 

Tantalum Capacitor 

88) iF, 16V, “O” Case 

AVX 

TA.IC886K016R 

Cm y 

Ceramic Capacitor 

880pF, 60V, 0806 Case 

cnc 


ni 

Fast Recovery Diode 

1 A, 60V, SMB Case 

Diodes, Inc. 

FR1 A 

R1 

Metal Film Resistor 

2200, 1/10W, 6%, 0806 Case 



R2 

MeiaLEilm Resistor 

1 0KW, 1/10W, 5%, 0806 Case 



LU 



Unitrode 

wmmmmm 


Table 1. Parts List 


UNITRODE CORPORATION 
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Design Note 

UCC3958 Demonstration Board Schematic and Bill of Materials 


The UCC3958 demo board is designed to provide complete over-charge, under-charge and overload/short 
circuit protection for a single Lithium-ion cell. The schematic and parts list of the demo board are shown 
on the following page. 

The over-current delay capacitor, CDLY, is optional and not installed on this demo board. The nominal in- 
ternal over-current delay time of 360|usec is adequate for charging capacitive loads of up to lOOOpF. If de- 
sired, the delay time can be extended by adding a small ceramic cap for CDLY. A graph of the over-current 
delay time as a function of cap value is given below. 

Note that the bypass/energy storage capacitor (Cl) supplied with the demo board is a IjuF tantalum. This 
provides more than enough energy storage to power U1 during a shorted pack condition, even with an ex- 
tended over-current delay time. If the delay time is not extended, a smaller value of capacitor can be used 
for Cl. 

For more complete information, pin descriptions and specifications for the UCC3958, please refer to the 
datasheet or contact your Unitrode Field Applications Engineer. 
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Reference 

Designator 

Part Description 

Part Value 

Manufacturer 

Part Number 

U1 

Protector 1C 

Single cell Li-Ion 

Unitrode 

UCC3958 

Cl 

Tantalum Capacitor 

16V 

Panasonic 

ECS-T1CY105R 


Table 1. Demo Board Parts List 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
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UCC3957 Three - Four Cell Lithium-Ion Protector Circuit, Evaluation Board and List of 
Materials 


INTRODUCTION 

The UCC3957 demo board is supplied fully assem- 
bled and ready to test. This board offers over- 
charge, over discharge and overcurrent protection 
for a 3 or 4 cell lithium ion battery pack. The user 


needs to supply the battery pack, load and 
charger. As supplied, the demo board should not 
be used with a cell stack that can supply more than 
40A of short circuit current. This is due to limita- 
tions of the high side P-FETS used. See the data 
sheet for the IRF7416 for more information. 



PACK (-) 


NOTE 

*- OPTIONAL COMPONENT 


Figure 1. Evaluation board schematic. 
03/99 


3 OR 4 ^ ^ CHARGE 

CELLS ” ENABLE / 

DISABLE 
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The board allows user control over battery pack 
cell count, and whether or not charging will be al- 
lowed. SI , see Fig. 1 , determines whether or not 
charging will be allowed. When the switch is 
moved to the (+) position, the voltage at DVDD will 
be applied to the CHGEN pin and charging will be 
allowed to take place. If this switch is moved to the 
(-) position, the CHGEN pin will be grounded and 
charging will be disabled. A possible application of 
this feature is to fabricate the charger and battery 
pack in such a way that the CHGEN pin is shorted 
to DVDD only when the battery pack is in the 
charger, and not in the device being powered. This 
would allow a device to have multiple battery packs 
installed in parallel without risk of high circulating 
current due to one pack being almost fully charged 
and another depleted. 

S2 determines whether or not the chip is in 3 cell 
or 4 cell mode. Moving S2 to the (+) position con- 
nects the CLCNT pin to DVDD, placing the chip in 
3 cell mode. When the demo board is used in this 
mode, AN3 must be shorted to AN4 (GND) on J1 . 

CONNECTING THE BOARD 

Fig. 2 shows the proper connections for both a 
three cell and a four cell pack to a load and/or 
charger. The circuit may come up in an un- 
der-voltage state. To make the pack operational in 
this case, it will be necessary to connect the 
PACK(+) terminal to a current limited voltage 
source, and bring it to a voltage that is a little 
higher than the VDD terminal. 

Battery Stack Wire Length 


The current carrying wires to the battery stack 
(VDD and AN4), and the inter-cell connections 
should be short to minimize inductive effects when 
the protector circuit interrupts a large current. Ex- 
cessively long wires can generate a voltage spike 
that may damage the circuit. C5’s function is to 
control this spike for reasonable inductance in the 
wiring to the battery stack. In an actual pack, C5 
may be unnecessary. R1 is used to slow the 
turn-off of the discharge FET and limit dl/dt caused 
voltage spikes. The wires from the battery stack to 
the AN1 , AN2 and AN3 terminals should be short 
as well to minimize noise pickup. 

Connection Order and Optional Components 

The connection order for the battery stack is not 
important in the demo board. Resistors R5, R6 
and R7 limit current flow and prevent damage to 
the 1C. In a production environment, these three 
resistors are NOT required if the cells are con- 
nected in the proper order. The proper connection 
order (without R5 - R7) is: 

1. AN4 or VDD 

2. VDD or AN4 

3. AN1 through AN3 in any order. 

C8, C9, CIO and C11 are not installed on the 
board as supplied. Their purpose is to provide 
some noise filtering capability for extremely noisy 
applications. Noise filtering may reduce or elimi- 
nate false OV or UV indications when a cell in the 
pack is nearing one of these thresholds. Note that 
the use of C8 - C11 WILL DISABLE the open 
sense wire detection capability of the UCC3957. 



4 CELL CONNECTION S2 IN NEGATIVE (-) POSITION 


I 



3 CELL CONNECTION S2 IN POSITIVE (+) POSITION 


UDG-98169 


UDG-98170 


Figure 2. Evaluation board connection diagrams. 
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When the PACK+ and PACK-termina!s are shorted 
together, VCC for the chip collapses. In order to in- 
sure that the UCC3857 has enough stored energy 
available to turn off the discharge FET, the main 
supply de-coupling capacitor, C7, is de-coupled 
from the PACK+ to PACK- current path by an addi- 
tional 100Q resistor. On the demo board, this re- 
sistor can be either R4 or R8. As supplied, R8 is 
installed, and R4 is a short circuit. The reason that 
this is done is to allow the ground of the UCC3957 
to “ride” transients caused by interruption of large 
currents by some means other than the discharge 
FET. This keeps the ground of the UCC3957 “fixed” 
in relation to the external FET’s (Q1 and Q2), and 
prevents possible damage from exceeding the 
maximum rated gate-source voltage. This type of 
transient can occur when inserting a battery pack 
into a device that has a large bulk capacitor. If the 
contacts bounce a little bit upon insertion, large 
di/dt’s can occur, giving rise to large transient volt- 
ages from stray inductances in the circuit. 

LOAD VOLTAGE SLEW RATE LIMIT 

Components R2 and C6 are the primary compo- 
nents used for limiting the load voltage rate of rise, 
and are optional. A positive change in the load 
voltage causes a current to flow in capacitor C6. 
This current will be forced into the DCFIG pin on 
the UCC3957. Since this pin has a sink imped- 
ance of about 14K, the load dV/dt will be limited to 
a value that produces a current in C6 that causes 
the voltage at DCHG to be the battery stack volt- 
age less the threshold voltage on the DCHG FET 
(Q2). R2 is primarily a damping resistor to prevent 
oscillations, and to limit current in the DCHG pin 
during transients. In practice the rate of rise is ap- 
proximately: 


dV _ y\ BATTERY ~ ^THRESH \J / 

dt 14000 •C 5 /sec 

Where: 

• V BATTERY is the battery stack voltage 

• V THRESH is the threshold voltage of the discharge 
FET 

• C 5 is in Farads 

The nice thing about this circuit is that it allows the 
protection circuit to charge a capacitive load with- 
out tripping the overcurrent protection mechanism 
in the UCC3957. This allows a much lower setting 
for overcurrent (i.e. larger value for R9), a reduction 
in 2nd tier overcurrent delay time, or both. 

The drawback to this circuit is that it will cause the 
discharge FET to go through a slow linear transi- 
tion when the circuit is hiccuping into a fault. This 
causes the FET to get very warm if the condition 
persists. In extreme cases, the FET will fail. When 
using this circuit, it is imperative that the system 
operation and integrity be verified. The demo 
board is supplied with pads for these components, 
but without the components installed. If this circuit 
is used, some resistance (R1 or R2) is required to 
limit current drawn from the DCHG pin. The rea- 
son for this is as follows: When the battery pack is 
disconnected from a load and is not in an un- 
der-voltage state, the DCHG pin is held at GND or 
AN4, and C6 is charged to the battery voltage. 
When the pack is then connected to a capacitive 
load, the junction of Q1 -drain, Q2-drain and R2 is 
taken to GND. Since the voltage across C6 cannot 
change instantaneously, the gate of the discharge 
FET is pushed below GND. If there is no imped- 
ance to limit the current drawn out of the DCHG 
pin, the UCC3957 could be damaged. 


Table 1. UCC3957 evaluation board list of materials. 


Reference 

Designator 

Description 

Manufacturer 

Part Number 

R1 (2), R4(1), R8(2) 

100Q, 1/8W Metal film resistor, 1206 case 



R2(1), R5(2), 

R6(2), R7(2) 

1.00KD, 1/8W Metal film resistor, 1206 case 



R3 

1 .00MO, 1/8W Metal film resistor, 1206 case 



R9 

50mn, IRC type LR2512, 1 W 



Cl 

22nF, 50V Ceramic Capacitor 

Panasonic 

ECU-V1H223KBM 

C2 

22pF, 50V Ceramic Capacitor 

Panasonic 

ECU-V1H220JCM 

C3, C4, C8, C9, 
CIO, C11 

lOOnF, 50 V Ceramic Capacitor 

Mu rata 

GRM42-6X7R1 04K050BL 

C5(2), C7 

22ptF, 25 V Tantalum Capacitor 

Panasonic 

ECS-T 1 ED226R 

C6(1) 

220nF, 50V Ceramic Capacitor 

Kemet 

C1210C224M5UAC 


6-59 



DN-93 


Table 1. UCC3957 evaluation board list of materials (cont.) 


Q1, Q2 

30V, 0.020n, PFET, IRF7416 



Q3 

60V, 115mA NFET, 2N7002 



D2 

50V, 1 A Diode, S1ADICT 



S1,S2 

SPDT Switch 

EAO 

09-0320102 

J1 

7 Position Compression Terminal Block 

OST 

EDI 601 (2 req’d) 

OST 

EDI 602 (1 req’d) 

U1 

3-4 Cell Lithium-Ion Protector 

Unitrode 

UCC3957 


Notes: 

(1) - Optional components not installed on board as shipped 

(2) - Optional component installed on board as shipped 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
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Design Note 

UCC3952 Demonstration Board Schematic and List of Materials 


INTRODUCTION 


DEMO BOARD FEATURES 


The UCC3952 demo board provides complete pro- 
tection for a single Lithium-ion cell, including Over- 
charge, Over-discharge and short circuit protection. 
The application schematic is shown in Fig. 1 and a 
component placement is shown in Fig. 2. A list of 
materials, giving the component part numbers and 
case sizes is given in Table 1. Note that the 
UCC3952, using an internal MOSFET switch, re- 
quires only a single external decoupling capacitor 
to provide a complete protection solution. 


Small (5.5mm x 22.5mm) two sided board with 
only two components. 

Integrated low impedance MOSFET switch and 
current sensor (50mO typical) 

Overcharge protection, with built-in 1.5 second 
time delay (typical) 

High accuracy 1 .0% tolerance on Overcharge 
threshold (over temperature) 

Four standard Overcharge thresholds are 
available (4.20, 4.25, 4.30 4.35V) 
Over-discharge protection, with built-in 15msec 
time delay (typical) 

Overload/short circuit protection with built-in 
1.5msec time delay (typical) 

Automatic recovery from short circuit when load 
is removed 

Reverse charger protection (up to -8V) 
Runaway charger protection (up to +16V) 
Overtemp protection 
Low operating current of 5 A (typical) 

Low Sleep mode current of 1 .5 A (typical) 


c+ o 


-O P+ 



UDG-99024 


Figure 1. Application schematic 
02/99 




DIM-96 






BSfl 





















Figure 2. Component layout and connection points. 


Table I. UCC3831 Evaluation board list of materials 


Designator 

Description 

Manufacturer 

Part Number 

Cl 

0.1 pF, 16V ceramic cap (X7R type), 0805 chip 

AVX 0805YC1 04KAT2A 

P5.90KHCT-ND 

U1 

16 pin TSSOP 

UCC3952PW - 1/-2/-3/-4 

P412FCT-ND 
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Power-Management ICs 



Power-Management ICs Selection Guide 




Part Number 


Features 

UCC3581 

UCC3809 

-1/2 

UCC3800/ 

- 1/2/3/4/5 

UCC3813- 

0/1/2/3/4/5 

Topology 

Forward, flyback 

Forward, flyback, 
buck, boost 

Forward, flyback, buck, 
boost 

Forward, flyback, buck, 
boost 

Input voltage 

Off-line AC 

Off-line AC 

Off-line AC, battery 

Off-line AC, battery 

Output voltage 

NA 

NA 

NA 

NA 

Operating mode 

Fixed/variable 

frequency 

Fixed frequency 
(1MHz maximum) 

Fixed frequency 
(1MHz maximum) 

Fixed frequency 
(1MHz maximum) 

Output 

1 A FET drives 

0.8A FET drives 

1A FET drives 

1 A FET drives 

Output power 

N/A 

N/A 

N/A 

N/A 

Supply current 

300pA 

500|iA 

500pA 

500|uA 

Power limit 

Yes 

No 

Yes 

Yes 

Application/design 

note 

DN-48, DN-65 

DN-65, DN-89, 
U-165, U-168 

DN-42A, DN-43, 
DN-46, DN-48, DN-54, 
DN-56A, DN-65, 
DN-89, U-133A, U-97 

DN-42A, DN-43, 
DN-46, DN-48, DN-54, 
DN-56A, DN-65, 
DN-89, U-133A, U-97 

Pin count ❖ 

14 

8 

8 

8 

Page number 

PS/8-128 

PS/8-192 

PS/8-169 

PS/8-206 


❖The smallest available pin count for thru-hole and surface-mount packages 





Part Number 



Features 

UCC39401 

UCC3941 

-3/-5/-ADJ 

UCC39411 

1213 

UCC39421/2 

UCC3946 

UCC3954 

Topology 

Boost / battery 
charger 

Boost 

Boost 

Boost/SEPIC/ 

flyback 

Watchdog/ 

reset 

Flyback 

Input voltage 

0.8V to (Vquj + 
0.5V) 

0.8V to 
(V 0 „T+ 0.5V) 

1.1V to 
(Voiit + 0.5V) 

1 .8V-8V 

2.1 V-5.5V 

2.5V-4.2V 

Output voltage 

ADJ to 5.0V 

3.3V, 5V, ADJ 

3.3V, 5V, ADJ 

ADJ 

V| N -0.3V 

3.3V 

Operating 

mode 

Variable 

frequency 

Variable 

frequency 

Variable 

Fixed/variable 

frequency 

Watchdog/ 

reset 

Fixed 

frequency 

(200kHz) 

Output 

Internal power 
FETs 

Internal power 
FETs 

Internal power 
FETs 

FET Drives 

NA 

Internal power 
FETs 

Output power 

200mW 

500mW (1 cell) 
1W (2 cells) 

200mW 

NA 

NA 

2W 

Supply current 

55jjA 

80pA 

48jnA 

635pA 

lOpA 

1mA 

Power limit 

Yes 

Yes 

Yes 

Yes 

NA 

Yes 

Application/ 
design note 

- 

DN-73 

DN-97 

- 

- 

DN-86 

Pin count ❖ 

20 

8 

8 

16/20 

8 

8 

Page number 

7-34 

7-48 

7-58 

7-66 

7-88 

7-93 


❖The smallest available pin count for thru-hole and surface-mount packages 
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y 


Linear Controller 

UC3832 

UC3833 

Part Number 

UC3834 UC3835 

UC3836 

UCC3837 

Type of output 

Positive 

adjustable 

Positive 

adjustable 

Positive/ 

negative 

adjustable 

5V fixed 

Positive 

adjustable 

Positive 

adjustable 

Maximum input 
voltage 

36V 

36V 

40V 

40V 

40V 

12V 

Minimum output 
voltage 

2.0V 

2.0 V 

+1.5V/-2.0V 


2.5 V 

1.5V 

Output drive 

300mA 

300mA 

350mA 

500mA 

500mA 

1.5mA 

Type of short 
circuit limit 

Duty cycle 

Duty cycle 

Foldback 

Foldback 

Foldback 

Duty cycle 

Reference 
voltage accuracy 

2% 

2% 

3% / 4% 

2% 

2% 

2% 

Special features 

Multiple pins 
accessible 

- 

- 

Built-in Rsense 

Built-in 

Rsense 

Internal 
charge pump; 

Direct N-FET 
drive 

Application/ 
design note 

DN-32, 
DN-61, U-152 

DN-32, 

DN-61, U-152 

U-95 



- 

Pin count ❖ 

14, 16 

8, 16 

16 

8, 16 

8, 16 

8 

Page number 

PS/3-1 1 

PS/3-11 

PS/3-18 

PS/3-24 

PS/3-24 

PS/3-28 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 


Low-Dropout 

Linear Regulator 

UCC381 

UC382-1 

Part Number 

UC382-2 

UC382-3 

UC382-ADJ 

Output voltage 

3.3V, 5V, ADJ 

1.5V 

2.1V 

2.5V 

1.2 V/ 
adjustable 

Dropout voltage 

0.5V at 1 A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

Output voltage accuracy 

2.5% 

1% 

1% 

1% 

1% 

Maximum input voltage 

9V 

7.5V 

7.5 V 

7.5V 

7.5V 

Shutdown current 

lOpA 

- 

- 

- 

- 

Operating current 

400|iA 

- 

- 

- 

- 

Line regulation 

0.01% /V 

- 

- 

- 

- 

Load regulation 

o 

xO 

O'' 

° _ 

>1 

II 

O 

- 

- 

- 

- 

Special features 

Power limit 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Pin count ❖ 

8 

5 

5 

5 

5 

Page number 

7-5 

PS/3-5 

PS/3-5 

PS/3-5 

PS/3-5 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 
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Low Dropout 

Linear Regulators (Continued) 

UCC383 

UCC384 

Part Number 

UC385-1 

UC385-2 

UC385-3 

Output voltage 

3.3V, 5V, ADJ 

5V, 12V, ADJ 

1.5V 

2.1V 

2.5V 

Dropout voltage 

0.45V at 3A 

0.2V at 
500mA 

450mV at 5A 

450mV at 5A 

450mV at 5A 

Output voltage accuracy 

2.5% 

2.5% 

1% 

1% 

1% 

Maximum input voltage 

9V 

-16V 

7.5V 

7.5V 

7.5V 

Shutdown current 

40jiiA 

1 7jlxA 

- 



Operating current 

400jiA 

240pA 

- 



Line regulation 

0.01% /V 

0.01% /V 

- 



Load regulation 

0.1%, l 0UT = o 
to 1A 

0.1%, l 0UT = 0 
to 500mA 

- 



Special features 

Power limit 

Power limit 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Pin count ❖ 

3 

8 

5 

5 

5 

Page number 

7-12 

7-19 

PS/3-35 

PS/3-35 

PS/3-35 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 


Low Dropout 

Linear Regulators (Continued) 

UC385-ADJ 

Part Number 

UC386+ UC387+ 

UC388+ 

Output voltage 

1 .2V/adjustable 

3.3V 

5V 

Adjustable down to 
1.25V 

Dropout voltage 

450mV at 5A 

0.2 V at 200mA 

0.2 V at 200mA 

0.2V at 200mA 

Output voltage accuracy 

1% 

1.5% 

1 .5% 

1 .5% 

Maximum input voltage 

7.5V 

9V 

9V 

9V 

Shutdown current 

- 

2pA 

2pA 

2pA 

Operating current 

- 

lOpA 

10jiA 

lOpA 

Line regulation 

- 

25mV max 

25mV max 

25mV max 

Load regulation 

- 

lOmV max 

lOmV max 

lOmV max 

Special features 

Fast transient 
response 

TSSOP 

TSSOP 

TSSOP 

Pin count ❖ 

5 

8 

8 

8 

Page number 

PS/3-35 

7-29 

7-29 

7-29 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 


7-3 





Linear Regulation ICs Selection Guide 


Special Function 

Linear Regulators 

UC560 

Part number 

UCC561 + 

UC563+ 

Type of output 

Positive 

Positive 

Positive 

Application 

Source/sink regulator for 
the 18- and 27-line SCSI 
termination 

LVD SCSI regulator for the 
18- and 27-line termination 

32-line VME bus bias 
generator 

Input voltage 

4V-6V 

2.7V- 5.25V 

4.875V-5.25V 

Output voltage 

2.85V 

1.3V, 1.75V, 0.75V 

2.94V 

Dropout voltage 

0.9V at 750mA 

- 

- 

Bus standard 

SCSI-1,2,3 

SPI-2, 3 

VME/VME64 

Sink/source current 

300mA / -750mA 

200mA / -200mA 

475mA /-575mA 

Application/design note 

- 

- 

- 

Pin count ❖ 

5, 8 

16 

3,8 

Page number 

IF/4-3 

IF/4-7 

IF/4-10 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 
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UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-ADJ 



UIMITROOE 


Low Dropout 1 Ampere Linear Regulator Family 


FEATURES 

• Precision Positive Linear Voltage 
Regulation 

• 0.5V Dropout at 1A 

• Guaranteed Reverse Input/ Output 
Voltage Isolation with Low Leakage 

• Low Quiescent Current Irrespective of 
Load 

• Adjustable Output Voltage Version 

• Fixed Versions for 3.3V and 5V 
Outputs 

• Logic Shutdown Capability 

• Short Circuit Power Limit of 
3% • V| N • Current Limit 

• Remote Load Voltage for Accurate 
Load Regulation 


DESCRIPTION 

The UCC381-3/-5/-ADJ family of positive linear series pass regulators is tai- 
lored for low drop out applications where low quiescent power is important. 
Fabricated with a BiCMOS technology ideally suited for low input to output 
differential applications, the UCC381 will pass 1A while requiring only 0.5V 
of input voltage headroom. Dropout voltage decreases linearly with output 
current, so that dropout at 200mA is less than lOOmV. Quiescent current is 
always less than 450|iA. To prevent reverse current conduction, on-chip cir- 
cuitry limits the minimum forward voltage to typically 50mV. Once the for- 
ward voltage limit is reached, the input-output differential voltage is 
maintained as the input voltage drops until undervoltage lockout disables 
the regulator. 

UCC381-3 and UCC381-5 versions have on-chip resistor networks preset 
to regulate either 3.3V or 5.0V, respectively. Furthermore, remote sensing of 
the load voltage is possible by connecting the VOUTS pin directly at the 
load. The output voltage is then regulated to 1 .5% at room temperature and 
better than 2.5% over temperature. The UCC381-ADJ version has a regu- 
lated output voltage programmed by an external user-definable resistor ra- 
tio. 


(continued) 


BLOCK DIAGRAM 


VIN 


CT* 



VOUT 

VOUTS 


GND 

GND 

GND 

GND 


UDG-981 12 


04/99 
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UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-ADJ 


ABSOLUTE MAXIMUM RATINGS 


VIN 9V 

CT -0.3 to 3V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations 
and considerations of packages. All voltages are referenced to 
GND. 


DESCRIPTION (cont.) 

Short circuit current is internally limited. The device re- 
sponds to a sustained overcurrent condition by turning 
off after a Ton delay. The device then stays off for a pe- 
riod, Tqfr that is 32 times the Ton delay. The device 
then begins pulsing on and off at the Ton /( t on +t off) 
duty cycle of 3%. This drastically reduces the power dis- 
sipation during short circuit such that heat sinking, if at 
all required, must only accommodate normal operation. 
On the fixed output versions of the device Ton is fixed at 
400|ns - a guaranteed minimum. On the adjustable ver- 
sion an external capacitor sets the on time. The off time 
is always 32 times Ton- 


CONNECTION DIAGRAMS 


SOIC-8 (Top View) 
DP Package 


8 VIN 


7 GND 


6 GND 


5 CT* 


* AD J version only 


VOUT 

[I 

) 


GND 

[I 



GND 

\L 



VOUTS 





The UCC381 can be shutdown to 25jiiA (max) by pulling 
the CT pin low. 

Internal power dissipation is further controlled with ther- 
mal overload protection circuitry. Thermal shutdown oc- 
curs if the junction temperature exceeds 165°C. The chip 
will remain off until the temperature has dropped 20°C. 

The UCC281 series is specified for operation over the in- 
dustrial range of -40°C to +85°C, and the UCC381 se- 
ries is specified from 0°C to +70°C. These devices are 
available in the 8 pin DP surface mount power package. 
For other packaging options consult the factory. 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the 
UCC381 -X series and -40°C to +85°C for the UCC283-X series, Vin = Vout + 1 -5V, Iout = 0mA, Cout = 2.2pF. Cj = 1 500pF for 
the UCC381-ADJ version and Vout set to 5V. Tj = Ta- 


PARAMETER 

TEST CONDITIONS MIN 

TYP 

MAX UNITS 

UCC381-5 Fixed 5V, 1A Family 

Output Voltage 

Tj = 25°C 

4.925 

5 

5.075 

V 

Over Temperature 

4.875 


5.125 

V 

Line Regulation 

V| N = 5.15V to 9V 


1 

3 

mV 

Load Regulation 

Iout = 0mA to 1 A 


2 

5 

mV 

Drop Out Voltage, Vin - Vout 

Iout = 1 A, Vout = 4.85V, TA < 85°C 


0.5 

0.6 

V 

l 0 UT = 200mA, V 0 ut = 4.85V, TA < 85°C 


100 

200 

mV 

Peak Current Limit 

Vout = 0V 


2 

3.5 

A 

Overcurrent Threshold 


1 


1.8 

A 

Current Limit Duty Cycle 

Vout = 0V 


3 

5 

% 

Overcurrent Time Out, Ton 

Vout = 0V 

400 

750 

1600 

lis 

Quiescent Current 



400 

650 

H A 

Quiescent Current in Shutdown 

< 

z 

II 

CO 

< 


10 

25 

HA 

Shutdown Threshold 

At Cj Input 

0.25 

0.45 


V 

Reverse Leakage Current 

0V < Vin < Vout> Vout < 5.1 V, at Vout 



75 

HA 

UVLO Threshold 

Vin where Vout passes current 

2.5 

2.8 

3.0 

V 


7-6 





UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-AD J 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the 
UCC381 -X series and -40°C to +85°C for the UCC283-X series, Vin = Vout + 1 .5V, Iout = OmA, Cout = 2.2pF. Cj = 1 500pF for 
the UCC381-ADJ version and Vomset to 5V. Tj = Ta- _ 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 1 UNITS 

UCC381 -3 Fixed 3.3V, 1 A Family i 

Output Voltage 

Tj = 25°C 

3.25 

3.3 

3.35 

V 

Over Temperature 

3.22 


3.38 

V 

Line Regulation 

V| N = 3.45V to 9V 


1 

3 

mV 

Load Regulation 

| 0UT = OmA to 1 A 


2 

5 

mV 

Dropout Voltage, Vin - Vout 

| OUT = 1 A, Vout = 3.15V, Ta < 85°C 


0.6 

0.8 

V 

Iout = 200mA, Vout = 3.1 5V, T A < 85°C 


100 

200 

mV 

Peak Current Limit 

V OU T = 0V 


2 

3.5 

A 

Overcurrent Threshold 


1 


1.8 

A 

Current Limit Duty Cycle 

Vout = 0V 


3 

5 

% 

Overcurrent Time Out, Ton 

Vout = 0V 

400 

750 

1600 

ps 

Quiescent Current 



400 

650 

pA 

Quiescent Current in Shutdown 

< 

z 

II 

CO 

< 


10 

25 

pA 

Shutdown Threshold 

At Cj Input 

0.25 

0.45 


V 

Reverse Leakage Current 

0V < Vin < Vout> Vout < 3.35V, at Vout 



75 

pA 

UVLO Threshold 

Vin where Vout passes current 

2.5 

2.8 

3.0 

V 

UCC381-ADJ Adjustable Output, 1A Family 

Regulating Voltage at ADJ Input 

Tj = 25°C 

1.23 

1.25 

1.27 

V 

Over Temperature 

1.22 


1.28 

V 

Line Regulation, at ADJ Input 

V| N = V 0 ut+ 150mV to 9V 


1 

3 

mV 

Load Regulation, at ADJ Input 

Iout =: OmA to 1 A 


2 

5 

mV 

Dropout Voltage, Vin - Vout 

Iout = 1 A, Vout = 4.85V 


0.5 

0.6 

V 

Iout = 200mA, Vout = 4.85V 


100 

200 

mV 

Peak Current Limit 

Vout = 0V 


2 

3.5 

A 

Overcurrent Threshold 


1 


1.8 

A 

Current Limit Duty Cycle 

Vout = 0V 


3 

5 

% 

Overcurrent Time Out, Ton 

V O ut = 0V, C T = 1500pF 

400 

1000 

1600 

ps 

Quiescent Current 



400 

650 

pA 

Quiescent Current in Shutdown 

< 

z 

n 

CO 

< 


10 

25 

pA 

Shutdown Threshold 

At Cj Input 

0.25 

0.45 


V 

Reverse Leakage Current 

0V < Vin < Vout. Vout < 9V, at Vout 



100 

pA 

Bias Current at ADJ Input 



100 

250 

nA 

UVLO Threshold 

Vin where Vqut passes current 

2.5 

2.8 

3.0 

V 
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UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-ADJ 


PIN DESCRIPTIONS 

CT: For UCC381-3 and UCC381-5 versions, this is the 
shutdown pin which, when pulled low, turns off the regu- 
lator output and puts the device in a low current state. For 
the UCC381-ADJ version, a capacitor is required be- 
tween the CT pin and GND to set the Ton time during 
overcurrent according to the following (typical) equation: 

Tom = 660 ,000 •C CT 

GND: All voltages are measured with respect to this pin. 
This is the low noise ground reference input for regula- 
tion. The output decoupling capacitor should be tied to 
PIN 7. 

VIN: Positive supply input for the regulator. Bypass this 
pin to GND with at least 1 jlxF of low ESR, ESL capaci- 
tance if the source is located further than 1 inch from the 
device. 

VOUT: Output for regulator. The regulator does not re- 
quire a minimum output capacitor for stability. Choose the 
appropriate size capacitor for the application with respect 


to the required transient loading. For example, if the load 
is very dynamic, a large capacitor will smooth out the re- 
sponse to load steps. 

VOUTS: Feedback for regulator sensing of the output 
voltage. For loads which are a considerable resistive dis- 
tance from the VOUT pin, the VOUTS pin can be used to 
move the resistance into the control loop of the regulator, 
thereby effectively canceling the IR drop associated with 
the load path. For local regulation, merely connect this 
pin directly to the VOUT pin. For the UCC381-ADJ ver- 
sion, the output voltage can be set by two external resi- 
tors according to the following relationship: 

V OUT =1.25. + 

where R1 is a resistor connected between VOUT and 
VOUTS and R2 is a resistor connected between VOUTS 
and GND. 


TYPICAL APPLICATION CIRCUIT 


iM" 


SHUTDOWN 


n 


0 - 

CT 


VOUTS 


0 


VIN 


UCC381 


VOUT 


;i.0|iF | GND GND GND GND 

-0 -[p-[p-£p - 


0 

NOTE 2 


0 


R1 

NOTE 1 

— VVV- 


; R2 
• NOTE 1 


OUTPUT 


Note 1: R1 and R2 for adjustable version only. For 3.3V and 5V versions connect VOUT to VOUTS. See Pin Descriptions. 

Note 2: C T timing capacitor is for adjustable version only. For 3.3V and 5V versions, the CT pin is used to enable or shutdown the 
part. See Pin Descriptions. 
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UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-AD J 


APPLICATION INFORMATION 
Overview 

The UCC381 family of low dropout linear (LDO) regula- 
tors provide a regulated output voltage for applications 
with up to 1A of load current. The regulator features a 
low dropout voltage and short circuit protection, making 
their use ideal for demanding high current applications 
requiring fault tolerance. 

Short Circuit Protection 

The UCC381 provides unique short circuit protection 
circuitry that reduces power dissipation during a fault. 
When an overload situation is detected, the device en- 
ters a pulsed mode of operation at 3% duty cycle re- 
ducing the heat sink requirements during a fault. The 
UCC381 has two current thresholds that determine its 
behavior during a fault as shown in Fig. 1 . 

When the regulator current exceeds the Overcurrent 
Threshold for a period longer than the Tqn> the 
UCC381 shuts off for a period (Toff) which is 32 times 
Tqn- If the short circuit current exceeds the Peak Cur- 
rent Limit, the regulator limits the current to peak cur- 
rent limit during the Tqn period. The peak current limit 
is nominally 1 Amp greater than the overcurrent thresh- 
old. The regulator will continue in pulsed mode until the 
fault is cleared as illustrated in Fig. 1 . 


A capacitive load on the regulator’s output will appear as a 
short circuit during start-up. If the capacitance is too large, 
the output voltage will not come into regulation during the 
initial Tqn period and the UCC381 will enter pulsed mode 
operation. The peak current limit, Tqn period, and load 
characteristics determine the maximum value of output ca- 
pacitor that can be charged. For a constant current load 
the maximum output capacitance is given as follows: 

^out (max) =( i cl~ 1 load ) • Farads ^ ) 

V OUT 

For worst case calculations the minimum values of on time 
(Tqn) and peak current limit (Iql) should be used. The ad- 
justable version allows the Tqn time to be adjusted with a 
capacitor on the CT pin: 

T ON(adj ) (p sec) = 660,000 •C(\iFarads) (2) 

For a resistive load (Rload) the maximum output capacitor 
can be estimated from: 

^OUT (max) = (3) 




Figure 1. UCC381 short circuit timing. 
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UCC281 -3/-5/-ADJ 
UCC381 -3/-5/-ADJ 


APPLICATION INFORMATION (cont.) 

Dropout Performance 

Referring to the Block Diagram, the dropout voltage of 
the UCC381 is equal to the minimum voltage drop (Vin to 
Vout) across the N-Channel MOSFET. The dropout volt- 
age is dependent on operating conditions such as load 
current, input and load voltages, as well as temperature. 
The UCC381 achieves a low RdS(QN) through the use of 
an internal charge-pump (V PUMP ) that drives the MOS- 
FET gate. Fig. 2 depicts typical dropout voltages versus 
load current for the 3.3V and 5V versions of the part, as 
well as the adjustable version programmed to 3.0V. 

Fig. 3 depicts the typical dropout performance of the ad- 
justable version with various output voltages and load 
currents. 

Operating temperatures effect the RDS(ON) and dropout 
voltage of the UCC381 . Fig. 4 graphs the typical dropout 
for the 3.3V and 5V versions with a 3A load over tem- 
perature. 

Voltage Programming 

Referring to the Typical Application Circuit, the output 
voltage for the adjustable version is externally pro- 
grammed through a resistive divider at the VOUTS pin as 
shown. 

V OUT =1.25.fl + ^ 2 j Volts (4) 

For the fixed Voltage versions the resistive divider is in- 
ternally set, and the VOUTS pin should be connected to 
the VOUT pin. The maximum programmed output voltage 
for the adjustable part is constrained by the 9V absolute 
rating of the 1C (including the charge pump voltage) and 
its ability to enhance the N-Channel MOSFET. Unless 
the load current is well below the 1A rating of the device, 
output voltages above 7V are not recommended. The 
minimum output voltage can be programmed down to 
1 .25V, however, the input voltage must always be greater 
than the UVLO of the part. 

Shutdown Feature 

All versions include a shutdown feature, limiting quies- 
cent current to 25jiA typical. The UCC381 is shut down 
by pulling the CT pin to below 0.25V. As shown in the ap- 
plications circuit, a small logic level MOSFET or BJT 
transistor connected to the CT pin can be driven with a 
digital signal, putting the device in shutdown. If the CT 
pin is not pulled low, the 1C will internally pull up on the 
pin, enabling the regulator. The CT pin should not be 
forced high, as this will interfere with the short circuit pro- 
tection feature. Selection of the timing capacitor for the 
adjustable version is explained in the Short Circuit Pro- 
tection section. 


-♦-Vout = 3V -*■ Vout = 3.3V -*-Vout = 5V 



Figure 2. Typical dropout vs. load current. 


-*■ DROP (3V) -♦- DROP (5V) 



Figure 4. Typical dropout vs. temperature (1A load). 



Figure 3. Typical dropout voltate vs. lour an d Vout 
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UCC281 -3/-5/-AD J 
UCC381 -3/-5/-ADJ 


APPLICATION INFORMATION (cont.) 

Thermal Design 

The Packing Information section of the data book con- 
tains reference material for the thermal ratings of various 
packages. The section also includes an excellent article 
Thermal Characteristics of Surface Mount Packages, that 
is the basis of the following discussion. 

Thermal design for the UCC381 includes two modes of 
operation, normal and pulsed mode. In normal operation, 
the linear regulator and heat sink must dissipate power 
equal to the maximum forward voltage drop multiplied by 
the maximum load current. Assuming a constant current 
load, the expected heat rise at the regulator’s junction 
can be calculated as follows: 

Trise = P diss •(Qjc + Qca) °C (5) 

Where theta is thermal resistance and Pqiss > s the power 
dissipated. The thermal resistance of both the SOIC-8 
DP package (junction to case) is 22 degrees Celsius per 
Watt. In order to prevent the regulator from going into 
thermal shutdown, the case to ambient theta must keep 
the junction temperature below 150C. If the LDO is 
mounted on a 5 square inch pad of 1 ounce copper, for 
example, the thermal resistance from junction to ambient 
becomes 40-70 degrees Celsius per Watt. If a lower ther- 


mal resistance is required by the application, the device 
heat sinking would need to be improved. 

When the UCC381 regulator is in pulsed mode, due to 
an overload or short circuit in the application, the maxi- 
mum average power dissipation is calculated as follows: 

^ PULSE (avg) = ( 6 ) 

(V /N - V OUT ) • I CL • f 0t l — 1 Watts 

* 'ON J 

As seen in equation 6, the average power during a fault 
is reduced dramatically by the duty cycle, allowing the 
heat sink to be sized for normal operation. Although the 
peak power in the regulator during the Tqn period can be 
significant, the thermal mass of the package will gener- 
ally keep the junction temperature from rising unless the 
Tqn period is increased to tens of milliseconds. 

Ripple Rejection 

Even though the UCC381 linear regulators are not opti- 
mized for fast transient applications (Refer to UC182 
“Fast LDO Linear Regulator”), they do offer significant 
power supply rejection at lower frequencies. Fig 5. de- 
picts ripple rejection performance in a typical application. 
The performance can be improved with additional filter- 
ing. 



IOuF, 

Iout = 100mA 

«_1uF, Iout = 100mA 
IOuF, Iout = 1A 
<- luF, Iout = 1A 


1.0E+02 1.0E+03 1.0E+04 1.0E+05 

FREQUENCY 


Figure 5. Ripple rejection vs. frequency. 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 




UINIITRODE 

Low Dropout 3 Ampere Linear Regulator Family 


FEATURES 


DESCRIPTION 


• Precision Positive Series Pass 
Voltage Regulation 

• 0.45V Dropout at 3A 

• 50mV Dropout at 1 0mA 

• Quiescent Current Under 
650pA Irrespective of Load 

• Adjustable (5 Lead) Output 
Voltage Version 

• Fixed (3 Lead) Versions for 
3.3V and 5V Outputs 


The UCC283-3/-5/-ADJ family of positive linear series pass regulators are tailored 
for low drop out applications where low quiescent power is important. Fabricated 
with a BiCMOS technology ideally suited for low input to output differential applica- 
tions, the UCC283-5 will pass 3A while requiring only 0.45V of typical input voltage 
headroom (guaranteed 0.6V dropout). These regulators include reverse voltage 
sensing that prevents current in the reverse direction. Quiescent current is always 
less than 650pA. These devices have been internally compensated in such a man- 
ner that the need for a minimum output capacitor has been eliminated. 

UCC283-3 and UCC283-5 versions are in 3 lead packages and have preset outputs 
at 3.3V and 5.0V respectively. The output voltage is regulated to 1 .5% at room tem- 
perature. The UCC283-ADJ version, in a 5 lead package, regulates the output volt- 
age programmed by an external resistor ratio. 


• Logic Shutdown Capability 

• Short Circuit Power Limit of 
3% »V|N • I SHORT 

• Low Vqut t0 Vin Reverse 
Leakage 

• Thermal Shutdown 


Short circuit current is internally limited. The device responds to a sustained over- 
current condition by turning off after a Ton delay. The device then stays off for a pe- 
riod, Tqfb that is 32 times the Tqn delay. The device then begins pulsing on and off 
at the T 0 n/(Ton+Toff) duty cycle of 3%. This drastically reduces the power dissipa- 
tion during short circuit and means heat sinks need only accommodate normal op- 
eration. On the 3 leaded versions of the device Tqn is fixed at 750jis, on the 
adjustable 5 leaded versions an external capacitor sets the on time — the off time 
is always 32 times Tqn- The external timing control pin, CT, on the five leaded ver- 
sions also serves as a shutdown input when pulled low. 


Internal power dissipation is further controlled with thermal overload protection cir- 
cuitry. Thermal shutdown occurs if the junction temperature exceeds 165°C. The 
chip will remain off until the temperature has dropped 20°C. 


The UCC283 series is specified for operation over the industrial range of -40°C to 
+85°C, and the UCC383 series is specified from 0°C to +70°C. These devices are 
available in 3 and 5 pin TO-220 and TO-263 power packages. 

BLOCK DIAGRAM 



VOUT 


10/98 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


ABSOLUTE MAXIMUM RATINGS 


VIN 9V 

CT -0.3 to 3V 

ADJ -0.3 to 9V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into, negative out of the specified termi- 
nal. Consult Packaging Section of Databook for thermal limita- 
tions and considerations of packages. All voltages are 
referenced to GND. 



CONNECTION DIAGRAMS 


TO-263-3 (Front View) TO-263-5 (Front View) 

TD Package TD Package 




TO-220-5 (Front View) 
T Package 



Note 1: Tab = GND 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the 
UCC383-X series, -40°C to +85°C for the UCC283-X, Vvin = Vvout + 1 -5V, Iout = 1 0mA, Cin = 1 OpF, Corn = 22pF. For the 
283-ADJ, Vvin = 6.5V, CT = 750pF, Tj = T A . 


PARAMETER 

TEST CONDITIONS 1 MIN 

TYP 

MAX | UNITS 

UCC283-5 Fixed 5V, 3A Family 

Output Voltage 

Tj = 25°C 

4.925 

5 

5.075 

V 

Over Temperature 

4.875 


5.125 

V 

Line Regulation 

Vvin = 5.15V to 9V 


2 

10 

mV 

Load Regulation 

Iout = 1 0mA to 3A 


10 

20 

mV 

Dropout Voltage, Vdropout = Vvin - Vvout 

I 0 ut=3A, VOUT = 4.85V 


0.4 

0.6 

V 

I 0U t=1.5A, VOUT = 4.85V 


0.2 

0.45 

V 

Iout = 10mA, VOUT = 4.85V 


50 

150 

mV 

Peak Current Limit 

Vvout = 0V 

4 

5 

6.5 

A 

Overcurrent Threshold 


3 

4 

5.5 

A 

Current Limit Duty Cycle 

Vvout = 0 V 


3 

5 

% 

Overcurrent Time Out, Ton 

Vvout = 0V 

400 

750 

1400 

fiS 

Quiescent Current 

No load 


400 

650 

pA 

Reverse Leakage Current 

0V < Vvin < Vvout- Vvout ^ 5.1V, at Vvout 


0 

75 

pA 

UVLO 

VIN where VOUT passes current 

2.6 

2.8 

3 

V 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta= 0°C to 70°C for the 
UCC383-X series, -40°C to +85°C for the UCC283-X, Vvin = Vvout + 1 -5V, Iout= 10mA, Cin = 10pF, Cout= 22pF. For the 
283- AD J, V V in = 6.5V, CT = 750pF, Tj = T A . 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

UCC283-3 Fixed 3.3V, 3A Family 

Output Voltage 

Tj = 25°C 

3.25 

3.3 

3.35 

V 

Over Temperature 

3.22 


3.38 

V 

Line Regulation 

Vvin = 3.45V to 9V 


2 

7 

mV 

Load Regulation 

Iout= 10mA to 3A 


7 

15 

mV 

Dropout Voltage, Vdropout = Vvin - Vvout 

I 0 ut=3A, VOUT = 3.15V 


0.5 

1 

V 

I 0 ut= 1.5A, VOUT = 3.15V 


0.25 

0.6 

V 

I 0 ut= 10mA, VOUT = 3.15V 


50 

150 

mV 

Peak Current Limit 

Vvout = 0V 

4 

5 

6.5 

A 

Overcurrent Threshold 


3 

4 

5.5 

A 

Current Limit Duty Cycle 

Vvout = 0V 


3 

5 

% 

Overcurrent Time Out, Ton 

Vvout = 0V 

400 

750 

1400 

JUS 

Quiescent Current 

No load 


400 

650 

pA 

Reverse Leakage Current 

0V < Vvin < Vvout. Vvout ^ 3.35V, at Vvout 


0 

75 

pA 

UVLO 

VIN where VOUT passes current 

2.6 

2.8 

3 

V 

UCC283-ADJ Adjustable Output, 3A Family 

Regulating Voltage at ADJ Pin 

Tj = 25°C 

1.23 

1.25 

1.27 

V 

Over Temperature 

1.22 


1.28 

V 

Line Regulation, at ADJ Input 

Vvin =: Vvout + 150mV to 9V 


1 

3 

mV 

Load Regulation, at ADJ Input 

Iqut — 1 0mA to 3A 


2 

5 

mV 

Dropout Voltage, Vdropout = VIN - VOUT 

Vvin > 4V, Iout= 3A 


0.4 

0.6 

V 

Vvin > 3V, Iout = 1 -5A 


0.2 

0.45 

V 

Vvin > 3V, Iout= 10mA 


50 

150 

mV 

Peak Current Limit 

Vvout = 0V, VIN = 6.5V 

4 

5 

6.5 

A 

Overcurrent Threshold 

Vvin = 6.5V 

3 

4 

5.5 

A 

Current Limit Duty Cycle 

Vvout = 0V 


3 

5 

% 

Overcurrent Time Out, Ton 

Vvout = 0V, CT= 1500pF 


750 


ps 

Reverse Leakage Current 

0V < Vvin < Vvout. Vvout ^ 9V, at Vvout 


0 

100 

HA 

Bias current at ADJ Input 



100 

250 

nA 

Quiescent Current 

No load 


400 

650 

pA 

Shutdown Threshold 

At CT Input 

0.25 

0.45 


V 

Quiescent Current in Shutdown 

< 

< 

2 

II 

O 

< 


40 

75 

pA 

UVLO 

VIN where VOUT passes current 

2.6 

2.8 

3 

V 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


PIN DESCRIPTIONS 

ADJ: Adjust pin for the UCC283-ADJ version only. Feed- 
back pin for the linear regulator. Program the output volt- 
age with R1 connected from ADJ to GND and R2 
connected from VOUT to ADJ. Output voltage is given by: 

1.25V«(R1 + R2) 

VOUT = ^ 

m 

CT: Short circuit timing capacitor and shutdown input for 
the UCC283-ADJ version. Pulling CT below 0.25V turns 
off the regulator and places it in a low quiescent current 
mode. A timing capacitor, C, from CT to GND programs 
the duration of the pulsed short circuit on-time. On-time, 
Tqn. is approximately given by: Tqn = 500/c • C. 


GND: Reference ground. 

VIN: Input voltage, This pin must be bypassed with a low 
ESL/ESR IpF or larger capacitor to GND. VIN can range 
from (VOUT + V DRO pout) to 9 V. If VIN is reduced to zero 
while VOUT is held high, the reverse leakage from VOUT 
to VIN is less than 75jllA. 

VOUT: Regulated output voltage. A bypass capacitor is 
not required at VOUT, but may be desired for good tran- 
sient response. The bypass capacitor must not exceed a 
maximum value in order to insure the regulator can start. 


Table I. Package Information 


Temperature 

Range 

Package 

Output Voltage 

2: -40°C to +85°C 

T: TO-220 

3: 3.3V 

3: 0°C to +70°C 

TD: TO-263 

5: 5V 



ADJ: Adjustable 


APPLICATION INFORMATION 
Overview 

The UCC383 family of low dropout linear (LDO) regula- 
tors provide a regulated output voltage for applications 
with up to 3A of load current. The regulators feature a 
low dropout voltage and short circuit protection, making 
their use ideal for demanding high current applications 
requiring fault protection. 

Short Circuit Protection 

The UCC383 provides unique short circuit protection 
circuitry that reduces power dissipation during a fault. 
When an overload situation is detected, the device 
enters a pulsed mode of operation at 3% duty cycle 
reducing the heat sink requirements during a fault. The 
UCC383 has two current thresholds that determine its 
behavior during a fault as shown in Figure 1 .When the 
regulator current exceeds the overcurrent threshold for 
a period longer than Tqn, the UCC383 shuts off for a 
period (Toff) which is 32 times T 0 n- During an overload, 
the regulator actively limits the maximum current to the 
peak current limit value. The peak current limit is 
nominally 1 Amp greater than the overcurrent threshold. 
The regulator will continue in pulsed mode until the fault 
is cleared as illustrated in Figure 1 . 

Short Circuit Protection 

A capacitive load on the regulator’s output will appear as 
a short circuit during start-up. If the capacitance is too 


ORDERING INFORMATION 


UCCE] 83 CH - 




Output Voltage 
Package 

Temperature Range 


large, the output voltage will not come into regulation 
during the initial Tqn period and the UCC383 will enter 
pulsed mode operation. The peak current limit, T 0 n 
period, and load characteristics determine the maximum 
value of output capacitor that can be charged. For a 
constant current load the maximum output capacitance is 
given as follows: 

^out (max) = 0cl ~ koAD ) • Farads ^ ) 

v OUT 


For worst case calculations the minimum values of on 
time (Tqn) and peak current limit (Iql) should be used. 
The adjustable version allows the Tqn time to be 
adjusted with a capacitor on the CT pin: 

Tqn(adj) = 500 , 000 • C (jli Farad) microseconds (2) 
Tomm sec) = 500 >000 • C 0 Farads ) 


For a resistive load (Rload) the maximum output 
capacitor can be estimated from: 


'Oim(max) 


'ON( sec) 


R 


LOAD 


► 1/7 


v OUT 


1 CL 


'Ft, 


Farads 


(3) 


LOAD J 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


APPLICATION INFORMATION (cont.) 



Dropout Performance 

Referring to the Block Diagram, the dropout voltage of 
the UCC383 is equal to the minimum voltage drop (Vin to 
Vout) across the N-Channel MOSFET. The dropout 
voltage is dependent on operating conditions such as 
load current, input and load voltages, as well as 
temperature. The UCC383 achieves a low RDS(qn) 
through the use of an internal charge-pump (V PUM p) that 
drives the MOSFET gate. Figure 2 depicts typical 


Vout = 3V Vout = 3.3V -»-Vout = 5V 



Figure 2. UCC383 Typical Dropout vs. Load Current 


dropout voltages versus load current for the 3.3V and 5V 
versions of the part, as well as the adjustable version 
programmed to 3.0V. 

Figure 3. depicts the typical dropout performance of the 
adjustable version with various output voltages and load 
currents. 

Operating temperatures also effect the RDS(qn) and 
dropout voltage of the UCC383. Figure 4. graphs the 
typical dropout for the 3.3V and 5V versions with a 3A 
load over temperature. 


-±- lout = 1 A -*• lout = 1 .5A - 4 - lout = 3A 
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Figure 3. Typical Dropout Voltage vs. I out an d Vvout 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


Voltage Programming and Shutdown Feature for 
Adjustable Version 

A typical application circuit based on the UCC383 adjust- 
able version is shown in Figure 5. The output voltage is 
externally programmed through a resistive divider at the 
ADJ pin. 

V 0UT =1.25^1 + ^ volts (4) 

The maximum programmed output voltage is constrained 
by the 9V absolute rating of the 1C (this includes the 
charge pump voltage) and its ability to enhance the N- 
Channel MOSFET. Unless the load current is below the 
3A rating of the device, output voltages above 7V are not 
recommended. The minimum output voltage can be pro- 
grammed down to 1 .25V, however, the input voltage must 
always be greater than the UVLO of the part. 

The adjustable version includes a shutdown feature, lim- 
iting quiescent current to 40uA typical. The UCC383 is 
shutdown by pulling the CT pin to below 0.25V. As shown 
in Figure 4, a small logic level MOSFET or BJT transistor 
in parallel with the timing capacitor can be driven with a 
digital signal, putting the device in shutdown. If the CT 
pin is not pulled low, the 1C will internally pull up on the 
pin enabling the regulator. The CT pin should not be 
forced high, as this will interfere with the short circuit pro- 
tection feature. Selection of the timing capacitor is ex- 
plained in Short Circuit Protection. 

The adjustable version can be used in applications re- 
quiring remote voltage sensing (i.e. monitoring a voltage 
other than or not directly tied to the VOUT pin). This is 
possible since the inverting input of the voltage amplifier 
(see Block Diagram) is brought out to the ADJ pin. 


Vout = 3.3v Vout = 5v 



Figure 4. Typical dropout voltage vs. case 
temperature with a 3A load 


Thermal Design 

The Packing Information section of the data book con- 
tains reference material for the thermal ratings of various 
packages. The section also includes an excellent article 
Thermal Characteristics of Surface Mount Packages, that 
is the basis of the following discussion. 

Thermal design for the UCC383 includes two modes of 
operation, normal and pulsed mode. In normal opera- 
tion, the linear regulator and heat sink must dissipate 
power equal to the maximum forward voltage drop multi- 
plied by the maximum load current. Assuming a constant 
current load, the expected heat rise at the regulator’s 
junction can be calculated as follows: 

TrISe(Q) = P DISS *(®jc + ®ca) °C ( 5 ) 

Where theta, (0) is thermal resistance and Pdiss is the 
power dissipated. The thermal resistance of both the 
TO-220 and TO-263 packages (junction to case) is 3 de- 
grees Celsius per Watt. In order to prevent the regulator 
from going into thermal shutdown, the case to ambient 
theta must keep the junction temperature below 150°C. 
If the LDO is mounted on a 5 square inch pad of 1 ounce 
copper, for example, the thermal resistance from junction 
to ambient becomes 60 degrees Celsius per Watt. If a 
lower thermal resistance is required by the application, 
the device heat sinking would need to be improved. 



Figure 5. Typical application for the 5 pin adjustable 
version. 
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UCC283-3/-5/-ADJ 

UCC383-3/-5/-ADJ 


When the UCC383 regulator is in pulsed mode due to an 
overload or short circuit in the application, the maximum 
average power dissipation is calculated as follows: 

P PULSE_AVE ~ (V/N "" VoUT ) ml CL # — Watffl 

As seen in equation 6, the average power during a fault 
is reduced dramatically by the duty cycle, allowing the 
heat sink to be sized for normal operation. Although the 
peak power in the regulator during the Ton period can be 
significant, the thermal mass of the package will gener- 
ally keep the junction temperature from rising unless the 


Ton period is increased to tens of milliseconds. 

Ripple Rejection 

Even though the UCC383 family of linear regulators are 
not optimized for fast transient applications (Refer to 
UC182 Fast LDO Linear Regulator), they do offer 
significant power supply rejection at lower frequencies. 
Figure 6 depicts ripple rejection performance in a typical 
application. The performance can be improved with 
additional filtering. 




10 100 Ik 10k 


RIPPLE FREQUENCY (Hz) UDG . 94093 
Figure 7. Ripple rejection vs. frequency. 
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UCC284-5/-1 2/-ADJ 
UCC384-5/-1 2/-ADJ 



UIMITRCDDE 


Low Dropout 0.5A Negative Linear Regulator 


FEATURES 

• Precision Negative Series 
Pass Voltage Regulation 

• 0.2V Drop Out at 0.5A 

• Wide Input voltage Range 
-3.2V to -15V 

• Low Quiescent Current 
Irrespective of Load 

• Simple Logic Shutdown 
Interfacing 

• -5V, -12V and Adjustable 
Output 

• 2.5% Duty Cycle Short Circuit 
Protection 

• Remote Load Sensing for 
Accurate Load Regulation 

• 8- Pin DP Package 


BLOCK DIAGRAM 



DESCRIPTION 

The UCC384 family of negative linear series pass regula- 
tors is tailored for low drop out applications where low 
quiescent power is important. Fabricated with a 
BCDMOS technology ideally suited for low input to out- 
put differential applications, the UCC384 will pass 0.5A 
while requiring only 0.2V of input voltage headroom. 
Drop out voltage decreases linearly with output current, 
so that drop out at 50mA is less than 20mV. 

Quiescent current consumption for the device under nor- 
mal (non-drop out) conditions is typically 200jiA. An inte- 
grated charge pump is internally enabled only when the 
device is operating near drop out with low VIN. This guar- 
antees that the device will meet the drop out specifica- 
tions even for maximum load current and a VIN of -3.2V 
with only a modest increase in quiescent current. Quies- 
cent current is always less than 350]uA, with the charge 
pump enabled. Quiescent current of the UCC384 does 
not increase with load current. 


Short circuit current is internally limited. The device re- 
sponds to a sustained over current condition by turning 
off after a Tqn delay. The device then stays off for a pe- 
riod, Tqfr that is 40 times the Tqn delay. The device 
then begins pulsing on and off at the Tqn/Toff duty cycle 
of 2.5%. This drastically reduces the power dissipation 
during short circuit such that heat sinking, if at all re- 
quired, must only accommodate normal operation. An ex- 
ternal capacitor sets the on time. The off time is always 
40 times Tqn- 

The UCC384 can be shutdown to 45|iA (maximum) by 
pulling the SD/CT pin more positive than -0.6V. To allow 
for simpler interfacing, the SD/CT pin may be pulled up to 
+6V above the ground pin without turning on clamping di- 
odes. 

Internal power dissipation is further controlled with ther- 
mal overload protection circuitry. Thermal shutdown oc- 
curs if the junction temperature exceeds 140°C. The chip 
will remain off until the temperature has dropped 20°C. 


03/99 
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UCC284-5/-1 2/-ADJ 
UCC384-5/-1 2/-ADJ 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, VIN -16V 

Shutdown Voltage, SD/CT +6V to -5V 

Storage Temperature 65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


All voltages are with respect to ground. Currents are positive 
into, negative out of the specified terminal. Ail voltages are with 
respect to ground. Consult Packaging Section of Databook for 
thermal limitations and considerations of packages. 


CONNECTION DIAGRAM 


SOIC-8 (Top View) 


DP Package 


VOUTS [T 



jT| SD/CT 

VIN \z_ 

J 


T] VIN 

V|N Ijl 



T] v |N 

gnd \T_ 



T] v° uT 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UCC384 and -40°C to 85°C 
for the UCC284, VIN = VOUT - 1 .5V, Iout = 0mA, Cout = 4.7pF, and CT = 0.01 5pF. For UCC384-ADJ, VOUT is set to -3.3V. 
Tj = T A - . 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX 

UNITS 

UCC384-5 Fixed -5V 0.5A Regulation Section 

Output Voltage 

T a = 25°C 

-5.075 

-5 

-4.925 

V 

Over all conditions 

-5.100 


-4.850 

V 

Line Regulation 

VIN = -5.3V to -15V 


1.5 

10 

mV 

Load Regulation 

Iout = 0mA to 0.5A 


0.1 

0.25 

% 

Output Noise Voltage 

T a = 25°C, BW = 1 0Hz to 1 0kHz 


200 


pVRMS 

Drop Out Voltage, VOUT - VIN 

I O ut0.5A, VOUT = -4.8V 


0.20 

0.50 

V 

Iqut 50mA, VOUT = -4.8V 


20 

50 

mV 

UCC384-5 Fixed -5V 0.5A Power Supply Section 

Input Voltage Range 


-15 


-5.2 

V 

Quiescent Current Charge Pump On 

VIN = -4.85V (Note 1) 


280 

350 

HA 

Quiescent Current 

VIN = -15V 


200 

250 

pA 

Quiescent Current in Shutdown 

VIN = -1 5V, SD/CT = 0V, No Load 


24 

45 

HA 

Shutdown Threshold 

At Shutdown Pin 

-1.0 

-0.6 

-0.4 

V 

Shutdown Input Current 

SD/CT = 0V 

5 

17 

25 

HA 

Output Leakage in Shutdown 

VIN = -15V, VOUT = 0, 25 C 


1 

10 

pA 

Over Temperature 



50 

pA 

Over Temperature Shutdown 



140 


°C 

Over Temperature Hysteresis 



20 


°C 

UCC384-5 Fixed -5V 0.5A Current Limit Section 

Peak Current Limit 

VOUT = 0V 

0.7 

1.1 

1.5 

A 

Over Current Threshold 


0.55 

0.7 

0.9 

A 

Current Limit Duty Cycle 

VOUT = 0V 


2.5 

4 

% 

Overcurrent Time Out, Ton 

VOUT = 0 V 

300 

450 

650 

ps 

UCC384-12 Fixed 12V 0.5A Regulation Section 

Output Voltage 

T a = 25°C 

-12.18 

-12 

-11.82 

V 

Over all conditions 

-12.24 


-11.64 

V 

Line Regulation 

VIN = -12.5V to -15V 


5 

15 

mV 

Load Regulation 

Iout = 0mA to 0.5A 


0.1 

0.3 

% 

Output Noise Voltage 

T a = 25°C, BW = 1 0Hz to 1 0kHz 


200 


pVRMS 

Drop Out Voltage, VOUT - VIN 

I O ut0.5A, VOUT = -11.6V 


0.15 

0.5 

V 

Iqut 50mA, VOUT = -11.6V 


15 

50 

mV 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UCC384 and -40°C to 85°C 
for the UCC284, VIN = VOUT - 1 .5V, Iout = OmA, Cout = 4.7pF, and CT = 0.01 5pF. For UCC384-ADJ, VOUT is set to -3.3V. 
Tj = T a , 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX 

UNITS 

UCC384-1 2 Fixed -1 2 V 0.5A Power Supply Section 

Input Voltage Range 


-15 


-12.2 

V 

Quiescent Current 

VIN = -15V 


220 

350 

pA 

Quiescent Current in Shutdown 

VIN = -1 5V, SD/CT = 0V, No Load 


24 

45 

pA 

Shutdown Threshold 

At Shutdown Pin 

-1.0 

-0.6 

-0.4 

V 

Shutdown Input Current 

SD/CT = 0V 

5 

17 

25 

pA 

Output Leakage in Shutdown 

VIN = -15V, VOUT = 0,25 C 


1 

10 

pA 

Over Temperature 



50 

pA 

Over Temperature Shutdown 



140 


°C 

Over Temperature Hysteresis 



20 


°C 

UCC384-12 Fixed -12V 0.5A Current Limit Section 

Peak Current Limit 

VOUT = 0V 

0.7 

1.2 

1.5 

A 

Over Current Threshold 


0.55 

0.7 

0.9 

A 

Current Limit Duty Cycle 

VOUT = 0V 


2.5 

4 

% 

Over Current Time Out, Ton 

VOUT = 0V 

300 

450 

650 

ps 

UCC384-ADJ Adjustable 0.5A Regulation Section 

Reference Voltage 

T a = 25°C 

-1.27 

-1.25 

-1.23 

V 

Over Temperature 

-1 .275 


-1.215 

V 

Line Regulation 

VIN = -3.5V to -1 5V, VOUT = VOUTS 


0.5 

3 

mV 

Load Regulation 

Iout = 0mA to 0.5A 


0.1 

0.18 

% 

Output Noise Voltage 

T a = 25°C, BW = 1 0Hz to 1 0kHz 


200 


pVRMS 

Drop Out Voltage, VOUT - VIN 

I O ut0.5A, VOUT = -3.15V 


0.25 

0.5 

V 

Iout 50mA, VOUT = 3.15V 


25 

50 

mV 

Sense Pin Input Current 



100 

250 

nA 

UCC384-ADJ Adjustable 0.5A Power Supply Section 

Input Voltage Range 


-15 


-3.5 

V 

Undervoltage Lockout 


-3.2 


-2.7 

V 

Quiescent Current Charge Pump On 

VIN = -3.15V (Note 1) 


200 

350 

hA 

Quiescent Current 

VIN = -15V 


200 

250 

pA 

Quiescent Current in Shutdown 

VIN = -1 5V, SD/CT = 0V, No Load 


24 

45 

pA 

Shutdown Threshold 

At Shutdown Pin 

-1.0 

-0.6 

-0.4 

V 

Shutdown Input Current 

SD/CT = 0V 

5 

17 

25 

pA 

Output Leakage in Shutdown 

VIN = -15V, VOUT = 0, 25 C 


1 

10 

HA 

Over Temperature 



50 

pA 

Over Temperature Shutdown 



140 


°C 

Over Temperature Hysteresis 



20 


°C 

UCC384-ADJ Adjustable 0.5A Current Limit Section 

Peak Current Limit 

VOUT = 0V 

0.7 

1.1 

1.5 

A 

Over Current Threshold 


0.55 

0.7 

0.9 

A 

Current Limit Duty Cycle 

VOUT = 0V 


2.5 

4 

% 

Over Current Time Out, Ton 

VOUT = 0V 

300 

450 

650 

ps 


Note 1: Internal Charge Pump is enabled only for drop-out condition with low VIN. Only in this condition is the Charge Pump re- 
quired to provide additional output PET gate drive to maintain drop-out specifications. For conditions where the Charge 
Pump is not required, it is disabled, which lowers overall device power consumption. 
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PIN DESCRIPTIONS 

GND: This is the low noise ground reference input. All 
voltages are measured with respect to the GND pin. 

SD/CT: This is the shutdown pin and also the short circuit 
timing pin. Pulling this pin more positive than -0.6V will 
put the circuit in a low current shutdown mode. Placing a 
timing capacitor between this pin and GND will set the 
short circuit charging time, TON during an overcurrent 
condition. During an overcurrent condition, the output will 
be pulsed at approximately a 2.5% duty cycle. 

Note: The CT capacitor must be connected between this pin 
and GND, not VIN, to assure that the SD/CT pin is not pulled 
significantly negative during power-up. This pin should not be 
externally driven more negative than -5V or the device will be 
damaged. 

VIN: This is the negative input supply. Bypass this pin to 
GND with at least IjuF of low ESR, ESL capacitance. 


APPLICATION INFORMATION 
Overview 

The UCC384 family of NEGATIVE low dropout linear 
(LDO) regulators provides a regulated output voltage for 
applications with up to 0.5A of load current. The regula- 
tors feature a low dropout voltage and short circuit pro- 
tection, making their use ideal for demanding 
applications requiring fault protection. 

Programming the output voltage on the UCC384 

The UCC384-5 and UCC384-12 have fixed output volt- 
ages of -5V and -12V respectively. Connecting VOUTS 
to VOUT will give the proper output voltage with respect 
to ground. 

The UCC384-ADJ can be programmed for any output 
voltage between -1.25V and -15V. This is easily accom- 
plished with the addition of an external resistor divider 
connected between GND and VOUT with VOUTS con- 
nected to the center tap of the divider. For an output of 
-1.25V, no resistors are needed and VOUTS is con- 
nected directly to VOUT. The regulator input voltage can- 
not be more positive than the UVLO threshold, or 
approximately -3V. Thus, low drop out cannot be 
achieved when programming the output voltage more 
positive than approximately -3.3V. A typical Application 
circuit is shown in Fig. 1 . 


VOUT: Regulated negative output voltage. A single 4.7pF 
capacitor should be connected between this pin and 
GND. Smaller value capacitors can be used for light 
loads, but this will degrade the load step performance of 
the regulator. 

VOUTS: This is the feedback pin for sensing the output of 
the regulator. For the UCC384-5 and UCC384-12 ver- 
sions, VOUTS can be connected directly to VOUT If the 
load is placed at a considerable distance from the regula- 
tor, the VOUTS lead can be used as a Kelvin connection 
to minimize errors due to lead resistance. Connecting 
VOUTS at the load will move the resistance of the VOUT 
wire into the control loop of the regulator, thereby effec- 
tively canceling the IR drop associated with the load 
path. 

When using a UCC384-ADJ, the output voltage can be 
programmed by placing a resistor divider across the out- 
put to GND. VOUTS is connected to the center tap of the 
divider providing the feedback for the regulator. This con- 
figuration is shown in Fig. 1 . 



Figure 1. UCC384-ADJ application schematic. 


For the UCC384-ADJ, the output voltage is programmed 
by the following equation: 

i/o(yr=-i.25.^i + ^j (1) 

When R1 or R2 are selected to be greater than about 
lOOkft, a small ceramic capacitor should be placed 
across R1 to cancel the input pole created by R1 and the 
parasitic capacitance appearing on VOUTS. Values of 
approximately 20pF should be adequate. 
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APPLICATION INFORMATION (cont.) 

Dropout Performance 

The UCC384 is tailored for low dropout applications 
where low quiescent power is important. Fabricated with 
a BCDMOS technology ideally suited for low input to out- 
put differential applications, the UCC384 will pass 0.5A 
while requiring only 0.2V of headroom. The dropout volt- 
age is dependent on operating conditions such as load 
current, input and load voltages, and temperature. The 
UCC384 achieves a low R D s(on) through the use of an 
internal charge-pump that drives the MOSFET gate. 

Fig. 2 shows typical dropout voltages versus output volt- 
age for the UCC384-5V and -12V versions as well as 
the UCC384-ADJ version programmed between -3.3V 
and -15V. Since the dropout voltage is also affected by 
output current, Fig. 3 shows typical dropout voltages vs. 
load current for different values of Vout- 

Operating temperatures also effect the RDs(° n ) and the 
dropout voltage of the UCC384. Fig. 4 shows typical 
dropout voltages for the UCC384 over temperature under 
a full load of 0.5A. 

Short Circuit Protection 

The UCC384 provides unique short circuit protection cir- 
cuitry that reduces power dissipation during a fault. When 
an overcurrent condition is detected, the device enters a 
pulsed mode of operation, limiting the output to a 2.5% 
duty cycle. This will reduce the heat sink requirements 
during a fault. The operation of the UCC384 during an 
overcurrent condition is shown in Fig. 5. 

UCC384 Short Circuit Timing 

During normal operation the output voltage is in regula- 
tion and the SD/CT pin is held to -1 .5V via a 50kQ inter- 
nal source impedance. If the output current rises above 
the Overcurrent Threshold, the CT capacitor will be 
charged by a 40|uA current sink. The voltage on the 
SD/CT pin will move in a negative direction with respect 
to GND. 

During an overcurrent condition, the regulator will actively 
limit the maximum output current to the Peak Current 
Limit. This will limit the output voltage of the regulator to: 

Vout = I peak • 

If the output current stays above the Overcurrent Thresh- 
old, the voltage on the SD/CT pin will reach -2.5V with 
respect to GND and the output will turn off. The CT ca- 
pacitor is then discharged by a IpA current source. When 
the voltage on the SD/CT pin reaches -1 .5V with respect 
to GND, the output will turn back on. This process will re- 
peat until the output current falls below the Overcurrent 
Threshold. 


-•-lout=0.1A -^-lout=0.2A -♦-lout=0.3A 



3 6 9 12 15 

-Vout (V) 

Figure 2. Dropout voltage vs. output voltage. 



0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
lout (A) 

Figure 3. Dropout voltage vs. load current. 


-4“ Vout = -3.3v Vout = -5v 

-±-Vout = -12v -#-Vout = -15v 



TEMPERATURE (°C) 


Figure 4. Dropout voltage vs. temperature. 
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APPLICATION INFORMATION (cont.) 
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Figure 5. Short circuit timing. 


Ton. the time the output is on during an overcurrent con- 
dition is determined by the following equation: 


T 0 n =CT(iiF ) 


W 

40jli A 


seconds 


(2) 


TOFF, the time the output is off during an overcurrent 
condition is determined by the following equation: 


Tqff =CT(nF) 


seconds 

1 \iA 


( 3 ) 


Capacitive Loads 

A capacitive load on the regulator’s output will appear as 
a short circuit during start-up. If the capacitance is too 
large, the output voltage will not come into regulation 
during the initial TON period and the UCC384 will enter a 
pulsed mode operation. For a constant current load the 
maximum allowed output capacitance is calculated as 
follows: 
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APPLICATION INFORMATION (cont.) 



Figure 6 . UCC384-ADJ operation during overcurrent 
condition (Ims/div). 


C OUT (max) = 

| Jpeak ( A )~ koAD (A)] • 7 T ~~~ 7 . ? Farads 
v OUT\ v ) 


For worst case calculations, the minimum value for TON 
should be used, which is based on the value of CT ca- 
pacitor selected. For a resistive load the maximum output 
capacitor can be estimated as follows: 

Gout (max) = (5) 


Rload(&) • I* 7 


r OA/ ( sec ) 

r V 

1 

1 VguriV) 

K Wix(A) • Rload(Q) J 


Farads 


Fig. 6 and Fig. 7 are oscilloscope photos of the 
UCC384-ADJ operating during an overcurrent condition. 
Fig. 6 shows operation of the circuit as the output current 
initially rises above the Overcurrent Threshold. This is 
shown on a 1 ms/div. scale. Fig. 7 shows operation of the 
same circuit on a 25ms/div. scale allowing us to see one 
complete cycle of operation during an overcurrent condi- 
tion. 

Shutdown Feature of the UCC384 

The shutdown feature of the UCC384 allows the device 



Figure 7. UCC384-ADJ operation during overcurrent 
condition (25ms/div.). 


to be placed in a low quiescent current mode. The 
UCC384 is shut down by pulling the SD/CT pin more 
positive than -0.6V with respect to GND. Fig. 8 shows 
how a shutdown circuit can be configured for the 
UCC384 using a standard TTL signal to control it. 

Controlling the SD/CT Pin 

Forcing the SD/CT pin to any fixed voltage will affect the 
operation of the circuit. As mentioned before, pulling the 
SD/CT pin more positive than -0.6V will put the circuit in 
a shutdown mode, limiting the quiescent current to less 
than 45|iA. Pulling this pin more positive than +6V with 
respect to GND will damage the device. 

Forcing the SD/CT pin to any fixed voltage between 
-0.6 V and -2.5V with respect to GND will cause the cir- 
cuit to ignore an overcurrent condition. In this situation, 
the output will not be pulsed at a 2.5% duty cycle, but the 
output current will still be limited to the Peak Current 
Limit. This circuit maybe used where a fixed current limit 
is needed, while a 2.5% duty cycle is undesirable. The 
UCC384 will supply a maximum current in this configura- 
tion as long as the temperature of the device does not 
exceed the Over Temperature Shutdown. This will be de- 
termined by the Peak Current being supplied, the input 
and output voltages, and the type of heat sink being 
used. Thermal Design will be discussed later on in this 
data sheet. 
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APPLICATION INFORMATION (cont.) 


TTL SHUTDOWN CIRCUIT 



Figure 8. TTL controlled shutdown circuit for the UCC384. 


Forcing the SD/CT pin to a voltage level between approx- 
imately -2.5V and -5V with respect to GND will turn the 
output off completely. The output will stay off as long as 
the voltage is applied. Pulling this pin more negative than 
-5V with respect to GND will damage the device. 

Fig. 9 shows typical VOUT leakage current as a function 
of temperature during shutdown. 

VIN to VOUT Delay 

During power-up there is a delay between VIN and 
VOUT. The majority of this delay time is due to the charg- 
ing time of the CT capacitor. When VIN moves more neg- 
ative than the UVLO of the device with respect to GND, 
the CT capacitor will start to charge. A 17pA current sink 


Vout = ov Vout = -i v 



Figure 9. VOUT leakage current in shutdown (V jN = 
-15V). 


is used only during power-up to charge the CT capacitor. 
When the voltage on the SD/CT pin reaches approxi- 
mately -1 .5V with respect to GND, the output will turn on 
and regulate. The larger the value of the CT capacitor, 
the greater the delay time between VIN and VOUT. Fig. 
10 shows the VIN to VOUT startup delay, approximately 
16ms, for a circuit with CT = 0.22pF. 

Shorter delay times can be achieved with a smaller CT 
capacitor. The problem with a smaller CT capacitor is 
that with a very large load, the circuit may stay in 
overcurrent mode and never turn on. A circuit with a 



Figure 10. VIN to VOUT delay time during power-up 
with CT = 0.22\iF. 


-26 






UCC284-5/-1 2/-AD J 
UCC384-5/-1 2/-AD J 


APPLICATION INFORMATION (cont.) 



Figure 11. Quick start-up circuit for UCC384. 


large capacitive load will need a farge CT capacitor to TD is the approximate VIN to VOUT delay time you wish 
operate properly. to achieve. 


One way to shorten the delay from VIN to VOUT during 
power-up, is by the use of the Quick Start-up circuit 
shown in Fig. 1 1 . 

With the Quick Start-Up circuit, the delay time between 
VIN and VOUT during start-up can be reduced dramati- 
cally. Fig. 12 shows that with the Quick Start-Up circuit, 
the VIN to VOUT delay time has been reduced to approx- 
imately 1 ms. 

Operation of the Quick Start-Up Circuit 

During normal start-up, the UCC384 will not turn on until 
the voltage on the SD/CT pin reaches approximately 
-1 .5V with respect to ground. It will take a certain amount 
of time for the CT capacitor to charge to this point. For a 
circuit that has a very large load, the CT capacitor will 
also need to be large in order for the overcurrent timing 
to work properly. A large value of capacitance on the 
SD/CT pin will increase the VIN to VOUT delay time. 

The quick start-up circuit uses Q1 to quickly pull the 
SD/CT pin in a negative direction during start-up, thus 
decreasing the VIN to VOUT delay time. When VIN is ap- 
plied to the circuit, Q1 turns on and starts to charge the 
CT capacitor. The current pulled through R4 will deter- 
mine the rate at which CT is charged. R4 can be calcu- 
lated as follows: 


Vw00»7-p(S9C) 
1.5 »CT(F) 


Ohms 


(6) 


Q1 will need to be turned off after a fixed time to prevent 
the SD/CT pin from going too far negative with respect to 
GND. If the SD/CT pin is allowed to go too far negative 
with respect to GND, the output will turn off again or pos- 
sibly even damage the SD/CT pin. The maximum amount 
of time that Q1 should be allowed to be on is referred to 
as TM and can be calculated as follows: 



Figure 12. VIN to VOUT delay time with quick start-up 
circuit. 
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APPLICATION INFORMATION (cont.) 

2 5 

T m = — — • T d Seconds 
m 1 5 u 


(7) 


R3 along with C2 set the time that Q1 is allowed to be on. 
Since TM is the maximum amount of time that Q1 should 
be allowed to stay on, an added safety margin may be to 
use 0.9 • TM instead. This will ensure that Q1 is turned 
off in the proper amount of time. With a chosen value for 
C2, R3 can be calculated as follows: 


R3- 


0.9 •7" M (sec) 


C2(F) • In < 


1 - 


Vin(V)~ 1- 5 
V IN (V) 


Ohms 


( 8 ) 


power dissipated. The junction to case thermal resis- 
tance ( Gyc ) of the SOIC-8 DP package is 22°C/W. In or- 
der to prevent the regulator from going into thermal 
shutdown, the case to ambient thermal resistance (0/a) 
must keep the junction temperature below 150°C. If the 
UCC384 is mounted on a 5 square inch pad of 1 ounce 
copper, for example, the thermal resistance (0/a) be- 
comes 40-70 °C/W. If a lower thermal resistance is re- 
quired by the application, the device heat sinking would 
need to be improved. 

When the UCC384 is in a pulsed mode, due to an 
overcurrent condition, the maximum average power dissi- 
pation is calculated as follows: 


After the CT capacitor has charged up for a time equal to 
0.9 • TM , Q1 will turn off and allow the SD/CT pin to be 
pulled back to -1.5V with respect to GND through a 50k 
resistor. At this point , the SD/CT pin can be used by the 
UCC384 overcurrent timing control. 


P AVE ~ 

[Vin(V) - VoUT 00] • I PEAK (A) 


( 10 ) 


7 q/v( sec) 

40 • T ON (sec) ^ 


Watts 


Minimum Vin To Vqut Delay Time 

Although it may desirable to have as short a delay time 
as possible, a small portion of this delay time is fixed by 
the UCC384 and cannot be shortened. This is shown in 
Fig. 13, where the CT capacitor has been removed from 
the circuit completely, giving a fixed VIN to VOUT delay 
of approximately 150jns for a circuit with VIN = 6V and 
VOUT = 5V. 

Thermal Design 

The Packaging Information section of this data book con- 
tains reference material for the thermal ratings of various 
packages. The section also includes an excellent article 
entitled Thermal Characteristics of Surface Mount Pack- 
ages, which is the basis for the following discussion. 

Thermal design for the UCC384 includes two modes of 
operation, normal and pulsed. In normal mode, the linear 
regulator and heat sink must dissipate power equal to the 
maximum forward voltage drop multiplied by the maxi- 
mum load current. Assuming a constant current load, the 
expected heat rise at the regulator’s junction can be cal- 
culated as follows: 

Trise = Pdiss • (8/c + ® ca ) ° C (9) 

Theta (0) is the thermal resistance and Pdiss > s the 


As seen in equation 10, the average power during a fault 
is reduced dramatically by the duty cycle, allowing the 
heat sink to be sized for normal operation. Although the 
peak power in the regulator during the Tqn period can be 
significant, the thermal mass of the package will gener- 



Figure 13. VIN to VOUT delay with CT capacitor 
removed. 
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UNITRODE 



Low Dropout 200mA Linear Regulator 


PRELIMINARY 


FEATURES 

• Precision Positive Linear Voltage 
Regulator 

• 0.2V Dropout at 200mA 

• Guaranteed Reverse Input/Output 
Voltage Isolation with Low Leakage 

• Adjustable Output Voltage 
(down to 1 .25V) 

• Load Independent Low Quiescent 
Current (lOpA typ) 

• Load Regulation of 5mV from 0mA to 
200mA 

• Logic Shutdown Capability 

• Shutdown Quiescent Current 
below 2pA 

• Short Circuit Protection - Duty Cycle 
Limiting 


DESCRIPTION 

The UCC386/7/8 positive linear pass regulator series is tailored for low 
dropout applications where extremely low quiescent power is required. 
Fabricated with BiCMOS technology ideally suited for low input to output 
differential applications, the UCC386/7/8 will pass 200mA while requiring 
only 200mV of input voltage headroom. Quiescent current is typically less 
than lOpA. To prevent reverse current conduction, on-chip circuitry limits 
the minimum forward voltage to 50mV typical. Once the forward voltage 
limit is reached, the input-output differential voltage is maintained as the in- 
put voltage drops until undervoltage lockout disables the regulator. 

The UCC386 has an on chip resistor network for preset to regulate at 3.3V, 
while the UCC387 has a fixed 5V output. The UCC388 requires an exter- 
nal resistor network which can be programmed for output voltages down to 
1.25V. The output voltage is regulated to 1.5% at room temperature and 
better than 2.5% over the entire operating temperature range. 

Short circuit current is internally limited. The device responds to a sus- 
tained overcurrent condition by limiting the duty cycle of the load to 12.5% 
typical. This drastically reduces the power dissipation during short circuit 
such that heat sinking, if at all required, must only accomodate normal op- 
eration. 


• Remote Load Voltage Sense for (continued) 

Accurate Load Regulation 


SIMPLIFIED BLOCK DIAGRAM AND APPLICATION CIRCUIT 


LOAD 
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m 



L£J 


GND 

i 

m 



m 





i 



VSENSE 


UCC388 ONLY 


-1.25V, 


R1 


R2 


OVERCURRENT, 
HICCUP 
CONTROL & 
THERMAL 
SHUTDOWN 


GND 


OFFB 


FROM OPEN DRAIN 
SHUTDOWN COMMAND 

UDG-98087 


8/98 
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ABSOLUTE MAXIMUM RATINGS 


VIN 9V 

OFFB -0.3 to VIN+0.3V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, lOsec) +300°C 


Currents are positive into, negative out of the specified termi- 
nal. Consult Packaging Section of Databook for thermal limita- 
tions and considerations of packages. All voltages are 
referenced to GND. 


DESCRIPTION (cont.) 

Internal power dissipation is further controlled with ther- 
mal overload protection circuitry. Thermal shutdown oc- 
curs if the junction temperature exceeds 140°C. The 
chip will remain in the off state until the temperature 
drops to 1 15°C. 

Pulling OFFB low commands a low power shutdown 
mode, which requires less than 2pA quiescent current. 
These devices are available in the 8 pin TSSOP (PW) 
and 8 pin SOIC (DP) surface mount power package. For 
other packaging options consult the factory. 


CONNECTION DIAGRAMS 


SOIC-8 (TOP VIEW) 
DP Packages 



VIN 

GND 

GND 

OFFB 


TSSOP-8 (TOP VIEW) 

PW Packages 


vin [~r 


~8~j OFFB 

N/C |jT 

J 

~7~\ N/C 

n/c QT 


~6~| VSENSE 

VOUT [jr 


~5~| GND 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for: UCC386/7/8 T A = Tj = 0°C to 
70°C; UCC286/7/8 T A = Tj = -40°C to 85°C; VIN = VOUT+1 .5V, l OUT = 0mA, C 0U t = 0.1 pF 


PARAMETER 

TEST CONDITIONS 1 MIN 

TYP 

MAX 1 UNITS 

UCC386 Fixed 3.3V Output | 

Output Voltage 

T a =25°C 

3.25 

3.3 

3.35 

V 

Over Temperature 

3.22 

3.3 

3.38 

V 

Line Regulation 

VIN = 3.45V to 8.5V, I 0 ut = 10mA 


13 

25 

mV 

Load Regulation 

Iout= 1mA to 200mA 


5 

10 

mV 

Output Noise Voltage 

Tj = 25°C, BW = 1 0Hz to 1 0kHz 


200 


PVrms 

Dropout Voltage, VIN-VOUT 

Iout = 200mA, VOUT = 3.20, T A < 85°C 


200 

500 

mV 

Iout = 50mA, VOUT = 3.20, T A < 85°C 


50 


mV 

Peak Current Limit 

VOUT = 0V 

350 

550 

750 

mA 

Overcurrent Threshold 


225 

325 

400 

mA 

Current Limit Duty Cycle 

VOUT = 0 V 


12.5 

14 

% 

Overcurrent Timeout, Ton 

VOUT = 0V 

550 

750 

950 

ps 

Quiescent Current 

OFF = VIN 


10 

20 

pA 

Shutdown Quiescent Current 

VIN < 8.5V, OFF <0.5 


2 

5 

pA 

Shutdown Threshold 

VIN = 8.5V 

0 


0.5 

V 

Reverse Leakage Current 

0V < VIN < VOUT, VOUT < 3.35V, at VIN 



10 

pA 

0V < VIN < VOUT, VOUT < 3.35V, at VOUT 



10 

pA 

Bias Current at VSENSE Pin 



2 


pA 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for: UCC386/7/8 T A = Tj = 0°C to 
70°C; UCG286/7/8 T A = Tj = -40°C to 85°C; VIN = VOUT+1 .5V, l 0UT = OmA, C OUT = 0-1 fjP 


PARAMETER | TEST CONDITIONS I MIN 

TYP 

MAX 1 UNITS 

UCC387 Fixed 5V Output 

Output Voltage 

T A =25°C 

4.925 

5 

5.075 

V 

Over Temperature 

4.785 

5 

5.125 

V 

Line Regulation 

VIN = 5.5V to 8.5V, l 0 UT = 1 0mA 


13 

25 

mV 

Load Regulation 

| 0 ut= 1mA to 200mA 


5 

10 

mV 

Output Noise Voltage 

Tj = 25°C, BW - 1 0Hz to 1 0kHz 


200 


M^Vrms 

Dropout Voltage, VIN-VOUT 

Iout = 200mA, VOUT = 4.75, T A < 85°C 


200 

500 

mV 

Iout = 50mA, VOUT = 4.75, T A < 85°C 


50 


mV 

Peak Current Limit 

VOUT = 0V 

350 

550 

750 

mA 

Overcurrent Threshold 


225 

325 

400 

mA 

Current Limit Duty Cycle 

VOUT = 0V 


12.5 

14 

% 

Overcurrent Timeout, Ton 

VOUT = 0V 

550 

750 

950 

lis 

Quiescent Current 

OFF = VIN 


10 

20 

|lA 

Shutdown Quiescent Current 

VIN < 8.5V, OFF <0.5 


2 

5 

JllA 

Shutdown Threshold 

VIN = 8.5V 

0 


0.5 

V 

Reverse Leakage Current 

0V < VIN < VOUT, VOUT < 3.35V, at VIN 



10 

|iA 

0V < VIN < VOUT, VOUT < 3.35V, at VOUT 



10 

|lA 

Bias Current at VSENSE Pin 



2 


|xA 

UCC388 Adjustable Output | 

Output Voltage 

T A =25°C 

1.23 

1.25 

1.27 

V 

Over Temperature 

1.22 

1.25 

1.28 

V 

Line Regulation 

VIN = VOUT +200mV to 8.5V for VIN > 2.0V, 

Iout = 10mA 


10 

40 

mV 

Load Regulation 

| 0 ut= 1mA to 200mA 


5 

10 

mV 

Output Noise Voltage 

Tj = 25°C, BW = 1 0Hz to 1 0kHz 


200 


MA/rms 

Dropout Voltage, VIN-VOUT 

Iout = 200mA, VOUT = 3.20, T A < 85°C 


200 

500 

mV 

Iout = 50mA, VOUT = 3.20, T A < 85°C 


50 


mV 

Peak Current Limit 

VOUT = 0V 

350 

550 

750 

mA 

Overcurrent Threshold 


225 

325 

400 

mA 

Current Limit Duty Cycle 

VOUT = 0V 


12.5 

14 

% 

Overcurrent Timeout, Ton 

VOUT = 0V 

550 

750 

950 

M'S 

Quiescent Current 

OFF = VIN 


10 

20 

jtA 

Shutdown Quiescent Current 

VIN < 8.5V, OFF <0.5 


2 

5 

HA 

Shutdown Threshold 

VIN = 8.5V 

0 


0.5 

V 

Reverse Leakage Current 

0V < VIN < VOUT, VOUT < 3.35V, at VIN 



10 

|1A 

0V < VIN < VOUT, VOUT < 3.35V, at VOUT 



10 

jtA 

Bias Current at VSENSE Pin 



50 


nA 
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PIN DESCRIPTIONS 

GND: Chip Ground. All voltages are measured with re- 
spect to this pin. This is the low noise ground reference 
for input regulation. The output decoupling capacitor 
should be tied between VOUT and GND. 

OFFB: Shutdown, active low. This pin must be externally 
pulled to GND to turn off the 1C. Pulling this pin high 
turns on the 1C. This pin is internally pulled to VIN by 
lOOnA current source. 

VIN: Positive supply input for the regulator. Bypass this 
pin to GND with at least 0.1 uF of low ESR, ESL capaci- 
tance if the source is located further than 1 inch from the 
device. 


VOUT: Output of the regulator. The regulator does not 
require a minimum output capacitance for stability, how- 
ever a small capacitor is recommended to improve tran- 
sient response. Choose the appropriate size capacitor 
for the application with respect to the required transient 
loading. For example, if the load is very dynamic, a large 
capacitor will smooth out the response to load steps. 

VSENSE: Externally programmable voltage sense node. 
For the UCC388, connect resistor divider network be- 
tween VOUT, VSENSE and GND to provide custom 
regulation level. For the UCC386 and UCC387, connect 
this pin to VOUT as close to the load as possible. 


APPLICATION INFORMATION 
Load Independent Current Consumption. This series 
of LDO’s is based on CMOS circuitry and uses a high 
side P channel pass element. Consequently, the current 
consumed by the LDO is extremely low at IOjiA under 
normal operating conditions and does not vary with load. 
The shutdown mode (OFFB = GND) consumes only 2pA, 
making this series an excellent choice for battery applica- 
tions. 

Reverse Voltage Standoff. These LDO’s are designed 
to operate with the voltage at the output greater than the 
voltage at the input. This can be an advantage where a 
circuit needs to be powered from two separate power 
sources that must be kept isolated, such as selecting be- 
tween one of two or more batteries. 

Overcurrent Protection. The UCC386/7/8 uses a fixed, 
absolute, current limit in conjunction with a timed 
overcurrent function that significantly reduces power 
dissipation in the event of a shorted load (see Figure 1). 
In this diagram, a 100mA load is applied to the output of 
the LDO. At some point, a fault is applied. When the 
current level exceeds the overcurrent threshold of about 
300 mA, a timer is started. If the current does not fall 
below the overcurrent threshold before the timer times 
out, about 5.6ms, the LDO declares an overcurrent 
condition exists and turns off its output for about 5.6ms. 
Note that the output current is internally limited to 
600mA. After the output has been off for 5.6ms, it is 
turned on for about 800ps and again limited to 600mA. If 
the current does not fall below the overcurrent threshold 
before the 800ps timer expires, the output is again turned 
off for 5.6ms. This process repeats itself until the fault 
condition is removed from the output of the LDO. The 
average current supplied to the faulted load by the LDO 
is approximately 112mA. This is well below the 


maximum rated current of 200mA o the LDO. Therefore, 
for most applications that have adequate thermal 
dissipation for the LDO to operate at full rated load, the 
thermal dissipation will also be adequate in a faulted 
condition. 

Thermal Shutdown. The LDO’s have a thermal shut- 
down circuit that will turn the LDO output off before the 
die temperature reaches damaging levels. When the die 
cools, the LDO will again function. The thermal shut- 
down circuit has a turn-off threshold of nominally 140°C, 
and a turn-on threshold of 115°C. These temperatures 
insure that the LDO will not be damaged due to exces- 
sive power dissipation. 

Maximum Load Recovery. The LDO will start a load 
that has a large capacitance and a DC current compo- 
nent. One of the consequences of the LDO’s fault be- 
havior is a maximum output capacitor value and load 
current that the LDO can restart after an overcurrent con- 
dition has been declared. Fig. 2 shows the maximum 
load that the LDO can re-start from a faulted condition 



Figure 1. Current Waveform During a Fault. 
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APPLICATION INFORMATION (continued) 

with a given output filter capacitor. Note that the LDO 
can start a much higher load than it can restart after a 
fault. If the LDO is hiccuping into a load that it cannot re- 
start, either momentarily disconnecting the load or a 
power cycle will allow the LDO to start the load. 

Using OFFB. The OFFB pin is used to turn the output of 
the LDO on or off from some external source. There are 
two things to note when using this pin. The first is that 
after taking OFFB high (on), the LDO will require up to 
about 2ms to start and stabilize. The second item is that 
OFFB is designed to be driven from an open drain type 
output. Internally, this pin is pulled high by a weak 
(lOOnA) current source, and will normally be at the input 
supply voltage, so the driving circuitry must be able to 
withstand the voltage applied to the input of the regulator. 
Also, depending upon load, if the OFFB pin is driven 
(overriding the internal pull-up) high with a fast edge sig- 
nal, there may be a brief pulse on the output, followed by 
no output, with the regulator coming on and stabilizing 
about 2ms after the OFFB pin was driven high. This out- 
put pulse is never more than the normal output voltage of 
the regulator and is about 200jis in length. 

Output Capacitance and Transient Response. The 

transient response of the regulator is heavily influenced 
by the capacitor on the output. In general, larger capaci- 
tors produce less voltage variation during load changes, 
but take longer to stabilize (quit wiggling). Note that no 
output capacitor is required for a stable output. Flowever, 
if the load exhibits sharp changes in current require- 
ments, and temporary deviations from the nominal output 
voltage must be minimized, some output filter capacitor 
will be needed. 


UCC386 UCC387 



OUTPUT CAPACITANCE (pF) 


Figure 2. Critical Load Current vs. Output 
Capacitance 


UCC388 Output Voltage Programming. Referring to 
the applications diagram on the front page of the data 
sheet, the output voltage is given by: 


Vo 


= 1.25 


gsi + Rs2 ) 
RS2 J 


Note that for the UCC388, the internal resistor R2 is open. 


UNITRODE CORPORATION 
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UIMITRODE 


UCC29401 

UCC39401 

ADVANCE INFORMATION 


Advanced Low Voltage Boost Controller With Backup Charger 


FEATURES 

• Synchronous Conversion with Internal 
MOSFETs 

• FULL Load Operation and Start-up 
Guaranteed with IV Input 

• 85% Efficiency at 200mW Output, 

85% Efficiency at lOmW Output 

• Switch Mode Pulsed Charger for NiCD 
or SuperCap Backup 

• Charger Efficiency: 82% at 45mA, 

82% at 5mA 

• LDO Post Regulation of Backup 
Source 

• System Reset Function with 
Programmable Reset Period 

• Programmable Low Output Voltage 
Warning Indicator and Battery Monitor 

• Two General Purpose 1.5Q switches 


DESCRIPTION 

The UCC39401 is a multi-output single inductor synchronous boost control- 
ler optimized to operate from a low input voltage such as a single or dual 
alkaline cell. The main output will start up under full load at input voltages 
typically as low as 0.8V, with a guaranteed maximum of IV, and will operate 
down to 0.5V once the converter is operating. The input voltage range of 
the controller optimizes Alkaline cell utilization and can accommodate other 
chemistries such as NiCd and NiMH. Using internal MOSFETs, the main 
output is rated for 200mW and is adjustable from 1 .5V to 5.0V. An auxiliary 
8.5V 50mW output is also provided, primarily for the gate drive supply, 
which can be used for low current circuitry requiring a higher operating volt- 
age. 

The UCC39401 also incorporates a high efficiency pulsed current charger. 
The charger is used to maintain/restore capacity in a secondary power 
source such as a NiCd battery or SuperCap. The secondary power source 
can be used for memory back-up (through an integrated LDO) during pri- 
mary battery replacement or failure. Power on Reset (POR) circuitry moni- 
tors the main output voltage during both normal and LDO backup 
operation. 

(continued) 


SIMPLIFIED APPLICATION DIAGRAM. 


1-2 CELLS 
PRIMARY 
ALKALINE 


I SW VBAT ICHG ' 

[71 VGD VCHG |3 


SECONDARY NiCd 
CELLS OR SUPERCAP 


■^=r NiCd -T- 
CELLS 


TO ji.P ◄ [7] VBATOK 

RESCT RESB 


DISABLE 

CHARGER 


ENABLE 

TRANSMIT 


ENABLE 

VIBRATOR 


( 5 — ► 


TRANSMIT 

CIRCUITRY 


VIBRATOR 

MOTOR 


12/98 
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ABSOLUTE MAXIMUM RATINGS 

Voltage 

VBAT, SD, CHGSD, LDOEN, INI, IN2, 

BATMON, VOUT, VCHG -0.3V to 10V 

VBATOK, RESB, OUT1, OUT2, SW, VGD . . . . -0.3V to 15V 

RADJ Voltage -0.3V to VOUT 

RCT, FB, ICHG Voltage -0.3V to VBAT 


Currents are positive into , negative out of the specified termi- 
nal. Consult Packaging Section of Databook for thermal limita- 
tions and considerations of packages. All voltages are 
referenced to GND. 


DESCRIPTION (cont.) 

Demanding applications such as pagers, PDA's, and cell 
phones require high efficiency from several milli-watts to 
several hundred milli-watts. The UCC39401 accommo- 
dates these applications with >80% efficiencies over the 
wide range of operation. Efficiency at light loads is 
achieved by minimizing switching and conduction losses 
along with low controller operating currents. High effi- 
ciency at full load is realized with low Rdson synchro- 
nous switches along with continuous conduction mode 
operation. 

The controller allows adjustment of the main output 
voltage, average charge current, reset threshold and 
reset period. Other features include a low battery detect 
circuit, two independent 1 .50 alarm switches, and 
shutdown controls for the chip and charger. A typical 
pager application diagram is provided in this data sheet. 


CONNECTION DIAGRAMS 


DIP-20, (Top View) 


Packages 

v ; 


sw [T 


~7o] GND 

VOUT [F 


17] OUT1 

VCHG [T 


17] OUT2 

ICHG [T 


17] IN2 

CHGSD [T 


li] INI 

LDOEN |T 


17] VBATOK 

VGD [T 


IT] BATMON 

VBAT [IT 


17] RCT 

FB [IT 


17] RESB 

sd ra 


IT] RADJ 


CONNECTION DIAGRAMS 


TSSOP-20, (Top View) 


Packages 





SW |_1_ 


20 | GND 

VOUT [T 


17] OUT1 

VCHG [7 


17] OUT2 

ICHG [T 


17] IN2 

CHGSD |T 


17] INI 

LDOEN [7] 


17] VBATOK 

VGD [7 


H] BATMON 

VBAT [Tj 


17] RCT 

FB [Tj 


17] RESB 

sd [To] 


H] RADJ 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated these parameters apply for Tj = 0°C to +70°C, for the 
UCC39401 , -40°C to +85°C for the UCC29401 , V BA T = 1 -25V T A = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VBAT Section 1 

Minimum Startup Voltage: No Ext. 

Tj = 25°C (Note 1) 

0.4 

0.8 

1 

V 

VDG Load, Iout = 200mWA/OUT 

Tj = 0 to 70°C (Note 1) 

0.5 

0.9 

1.1 

V 

Minimum Dropout Voltage 

No External VGD Load, 
lout = 10mA (notel) 

0.3 

0.4 

0.5 

V 

Input Voltage Range 




VOUT + 
0.5V 

V 

Quiescent Supply Current 



8 

12 

pA 

Shutdown Supply Current 

SD = Open (Internally pulled hi) 


8 

12 

pA 

Supply Current During Backup 

LDOEN = Open (Internally pulled hi) 


8 

12 

pA 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these parameters apply for Tj = 0°C to +70°C, for the 
UCC39401 , -40°C to +85°C for the UCC29401 , V B at = 1 -25V T A = Tj. 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

VOUT Output Section 

Quiescent Supply Current 



27 

44 

pA 

Shutdown Supply Current 

SD = Open (Internally pulled hi) 


3 

6 

pA 

FB Voltage 

IV < VBAT < 3V 

Iout = 0mA 

1.16 

1.20 

1.24 

V 

Iqut < 200mWA/OUT (Note 1) 

1.15 

1.20 

1.25 

V 

VGD Output Section | 

Quiescent Supply Current due to VOUT 
only 

SDCHRG = Open (internally pulled hi) 


18 

30 

pA 

Quiescent Supply Current due to VCHG 
only with Rset=1MQ 

SDCHRG = GNDed 


25 

50 

pA 

Shutdown Supply Current 

SD = Open (Internally pulled hi) 


15 

25 

pA 

Regulation Voltage 

IV < VBAT<3V 

T a = 25°C 

8 

8.5 

9 

V 

T a = 0°C to 70°C 

7.9 

8.5 

9.1 

V 

0mA < Ivgd < 5.5mA (Note 1) 

7.8 

8.5 

9.2 

V 

VCHG Output Section (2 to 4 NiCd Cells or a supercap) (L=22pH) 1 

Quiescent Supply Current 



8 

14 

HA 

Shutdown (charger only) Supply Current 

CHGSD=Open (internally pulled hi) 


8 

14 

pA 

Shutdown Supply Current 

SD = Open (Internally pulled hi) 


3 

5 

pA 

Quiescent Supply Current During Backup 

LDOEN = Open (Internally pulled hi) 


45 

70 

pA 

ICHG Range 

Given by 6 MEG/Rset 


6M/Rs 

ET 


mA 

ICHG MINimum with Rset = 1MQ 



6 


mA 

ICHG MAXimum Obtainable 

Given by 0.180 X (VBATA/CHG) 


180 X 
(VBAT / 
VCHG) 


mA 

Inductor Charging Section (L = 22pH) 

ICHG Peak Discontinuous Current for 

VCHG 


300 

375 

450 

mA 

Peak Discontinuous Current for VouTor 
VGD 

Over Operating Range (Note 1) 

180 

225 

270 

mA 

Peak Continuous Current for Vout 

VBAT = 1 .25V 

385 

550 

715 

mA 

Charge Switch RDSon 

PW Package 


0.65 

1 

n 

Current Limit Delay 

(Note 1) 


50 


ns 

Synchronous Rectifier Sections 

VOUT Nmos Rectifier RDSon 

PW package 


1.3 

2 

a 

VCHG Nmos Rectifier RDSon 

PW package 


1.3 

2 

Q 

Shutdown Sections (SD, CHGSD, & LDOEN Pins) 

Threshold 


500 

750 

1100 

mV 

Input Current 

SD, CHGSD or LDOEN are Grounded 

-1 

-0.5 

0 

hA 

RESET Section (@90% Vout); (RADJ pin Shorted to FB pin) 1 

Threshold 


1.036 

1.08 

1.124 

V 

Reset Period 

C T = 150nF 

110 

160 

210 

ms 

VOUT Finite Slope to Reset Delay 

Vout falling @ -1 mV/ps 

30 

60 

90 

ps 

VOUT InFinite Slope to Reset Delay 

Vout falling infinitely fast 

10 

20 

30 

ps 

Sink Current 


1 

2 

5 

mA 

Output Low Voltage 

Sink Current = 2mA 

20 

50 

100 

mV 

Output Hi Voltage Leakage Current 

Open Drain Output @ 7V 


0 

0.5 

HA 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these parameters apply for Tj = 0°C to +70°C, for the 
UCC394Q1 , -40°C to +85°C for the UCC29401 , V B at = 1 -25V T A = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

LDO Section (via Backup Supply) 

Drop Out Voltage (VCHG - VOUT) 

LDOEN = Open; IloadVOUT = 10mA 

50 

100 

200 

mV 

Automatic VCHG BackUp LDO Internal 
Comparator Threshold 

Requires a Resistor Divider from VBAT 
(shared with VBATOK Comparators’ 
Threshold); LDOEN = 0V 

420 

450 

480 

mV 

Automatic VCHG BackUp LDO Internal 
Comparator Input Leakage Current 


-0.5 

0 

0.5 

pA 

Low Battery Output Indicator 

VBATOK Comparator Threshold 

Requires a Resistor Divider from VBAT 

420 

450 

480 

mV 

Output Low Voltage 

Sink Current = 1mA 

20 

100 

200 

mV 

Output Hi Voltage Leakage Current 

Open Drain Output @ 7V 


0 

0.5 

PA 

Alarm Switches 

Threshold 


500 

750 

1100 

mV 

RDS(on) 

PW package 


1 

1.5 

a 


PIN DESCRIPTIONS 

BATMON: This pin monitors the input voltage via a 
resistor divider. When the BATMON voltage falls below 
450mV, VBATOK (open drain) pulls low and the backup 
LDO is automatically enabled. 

CHGSD: When this pin is open a built-in 0.5pA current 
source pulls up on the pin, disabling the pulsed charger. 
When this pin is grounded the pulsed charger is enabled. 


VCHG >VOUT). When this pin is grounded, control of the 
LDO backup is relinquished to the internal battery 
comparator controlled by the BATMON pin. Should 
BATMON fall below 450mV, the LDO backup will 
automatically engage. 

OUT1 : An open drain alarm driver with a typical switch 
RDS(on) of IQ. 


FB: This pin serves as the feedback control pin used to 
program the output voltage. Referring to the applications 
circuit, the output voltage is equal to 1 .20V»(1+R1/R2). 

GND: Ground of the 1C. 


ICHG: By placing a resistor (RSET) from this pin to 
VBAT, the user is able to program the amount of average 
charge current that the VCHG pin provides. The average 
charge current (when other outputs are not being 
serviced) is given by the following equation: 


We - 


(280e6 • L) 
Rset 


(I in Amps, L in Henrys, R in Q). 


OUT2: An open drain alarm driver with a typical switch 
RDS(on) of in. 

RADJ: This pin programs the level at which a reset is 
initiated. Noise glitch suppression is provided to prevent 
nuisance trips (see applications information). This pin is 
internally compared to 1 .08V to determine the reset level. 
If wired directly to the FB pin, as in the applications 
diagram, the reset voltage is given by 1 .08V»(1+R1/R2) 
or 10% below the regulated voltage. 

RCT: This pin allows the user to adjust the reset period. 
The reset period is controlled by placing a capacitor CT 
from this pin to ground, where T (sec) = 1 .20*Ct (pF). 


INI: A high level (>1.1V) on this CMOS compatible pin 
drives OUT 1 low. 

IN2: A high level (>1.1V) on this CMOS compatible pin 
drives OUT2 low. 

LDOEN: When this pin is open a built in 1 jlxA current 
source pulls up on the pin, forcing the LDO to backup 
VOUT from the secondary power source (provided that 


RESB: This is the output pin of the reset circuit. If the 
RADJ pin goes below 1 .08V (for a period longer than the 
glitch filter) RESB will produce a low level, resetting the 
system microprocessor. Once RADJ is brought above 
1 .08V, RESB will remain at a low level for a period set by 
the RCT pin. 
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SD: When this pin is open a built in 0.5|iA current source 
pulls up on the pin, placing the 1C in sleep or shutdown 
mode. When this pin is tied to ground the 1C is enabled 
and both output voltages will regulate. 

SW: This pin is the common switch node for the single 
inductor boost converter. The inductor, VGD Schottky 
diode, and 3 internal synchronous N-channel MOSFETs 
are connected at this pin. The N-channel MOSFETs are 
controlled by a state machine in the UCC39401 , allowing 
3 outputs to be serviced by time multiplexing energy in 
the inductor. During discontinuous portions of the 
inductor current a MOSFET resistively connects VBAT to 
SW, dampening excess circulating energy to eliminate 
undesired high frequency ringing. 

VBAT: Input voltage to the converter. Bypass this pin to 
GND with a IOjuF low ESR, ESL capacitor if the battery 
source is located further than 1 inch from the device. 

VBATOK: Open drain output indication that the primary 
battery voltage is sufficient for operation. Should the 
battery voltage fall below the internal battery comparator 


APPLICATION INFORMATION 

Overview 

A simplified block diagram of the UCC39401 in a typical 
application is shown in Fig. 1 . The converter 1C provides 
an integrated power solution for pagers and other port- 
able devices that require operation from a low voltage pri- 
mary battery source. The synchronous boost converter 
generates three outputs from a single inductor by time 
multiplexing the stored energy. The main output can be 
adjusted between 1.5V to 5.0V and provides up to 
200 mW of power. 

An integrated pulsed charger is included to restore ca- 
pacity to a secondary power source such as a NiCD bat- 
tery or SuperCap. The average output current is 
adjustable with an RSET value placed between the VBAT 
and ICHG pins. If the VCHG output voltage rises above 
5.75V, an internal safety comparator will prevent further 
charging. During replacement of the primary battery, the 
UCC39401 automatically backs-up the main output from 
the secondary power source via an internal low dropout 
regulator. 

An auxiliary 8.5V output is also generated to provide for 
an increased gate drive voltage for the synchronous 
switches. This output can be used to power higher volt- 
age circuitry (up to 50mW) such as an LCD display, Op- 
Amp circuit, communications port, or a 5V supply through 


level, set at the BATMON pin, this output will be pulled 
low. 

VCHG: This pin provides the pulsed charge current for 
the secondary power source. The average charge 
current is programmed with the ICHG pin. This output 
has the lowest priority in the multiplexing scheme. 

VGD: This pin is coarsely regulated around 8.5V and is 
primarily used for the gate drive supply for the power 
switches in the 1C. This pin can be loaded with up to 
50mW of additional load. The VGD supply can go as low 
as 7V without interfering with the servicing of the main 
output. Below 7V, VGD will have the highest priority, 
although practically the voltage should not decay to that 
level if the output capacitor is sized properly. 

VOUT: Main output voltage, which is programmed with 
the FB pin, has highest priority in the multiplexing 
scheme (provided VGD is above its critical 7 V level). This 
output is rated for 200mW with a IV input using a 22jaH 
inductor. 


a linear regulator. A reset function and various 
supervisory features are also included to improve system 
integration. 

Multiplexed Coil Technique 

The UCC39401 incorporates a unique multiplexed coil 
technique to generate three outputs from a single induc- 
tor. Energy pulses stored in the inductor are time shared 
between the outputs, depending upon loading and 
whether the pulsed charger is enabled. Fig. 2 shows a 
simplified schematic of the basic topology. 
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Figure 1. Advanced pager power controller. 
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APPLICATION INFORMATION 

Referring to Fig. 2, VBAT is the primary battery source, 
VOUT is the main output voltage, VCHG is the output of 
the pulsed charger, and VGD is the gate drive voltage. If 
one of the outputs requires service Smain turns on, 
causing current to ramp up in the inductor (L). Once the 
inductor current reaches its peak value, the UCC39401 
delivers the current to the proper output. If the main out- 
put (VOUT) requires service, Sout closes the instant 
Smain is open and energy is delivered to VOUT. The 
main output can be serviced with either discontinuous or 
continuous current in the inductor (discussed later). If the 
pulsed charger (VCHG) requires service, Schg closes 
the instant Smain is open and inductor current is deliv- 
ered to the secondary source (VCHG). If VGD requires 
servicing, Sout and Schg are left open and inductor cur- 
rent is forced through Dgd to the gate drive supply 
(VGD). Due to the presence of large peak currents in the 
inductor, low ESL, ESR capacitors should be used to 
maintain low ripple voltages on the outputs. 

Arbitration 

A priority scheme is required to accommodate the multi- 
ple supply voltages, while providing effective start-up and 
servicing of the outputs at various load conditions. The 
arbitration rules for the main output (VOUT), gate drive 
supply (VGD), and pulsed charger (VCHG) are as fol- 
lows: 

• If VGD < 7.0V, VGD will get priority for service. 

(occurs during start-up) 

• If VGD > 7.0V and VOUT < 1 .20(1+R1/R2), VOUT will 
get priority for service. 

• If VGD < 8.5V and VOUT > 1 .20(1+R1/R2), VGD will 
get priority for service. 

• If VGD > 8.5V, VOUT > 1 .20(1+R1/R2), VCHG < 

5.75V and the pulsed charger is enabled, VCHG will be 
serviced at a rate programmed by ICHG. 

In order to guarantee an orderly start-up with input volt- 
ages below IV, the gate drive supply (VGD) is given pri- 
ority during start-up. Fig. 3 shows oscilloscope wave- 
forms of current and voltage during startup (VOUT is pro- 
grammed at 3.3V, VCHG is disabled). 

At time to, an internal 200kHz oscillator toggles the main 
switch at 50% duty cycle and starts VGD rising. VGD 
gets to a sufficient voltage at time tl to run the 1C in a 
normal operating mode. At time t2, VGD has reached its 
lower threshold of 7.0V and the arbitration allows VOUT 
to get started. VOUT has reached 3.3V at time t3, and 
VGD is allowed to charge to 8.5V. At time t4, both outputs 


are in regulation and the converter operates normally, 
servicing the outputs as the load demands. 



TO Tl T2 T3 T4 

2ms/DIV 


Figure 3. Start-up waveforms. 

Multiplexed Waveforms (VOUT and VGD) 

The UCC39401 converter operates with a hysteretic 
(variable frequency) control technique. Regulation is 
achieved by monitoring the various output voltages with 
comparators internal to the control 1C. If an output falls 
below its voltage threshold, the converter will deliver a 
single or multiple energy pulses to that output until the 
output comes into regulation. A single 22jiH inductor is 
used to generate the energy pulses. 

Unique control circuitry provides high efficiency power 
conversion of the main output, for both light and heavy 
loads, by transitioning between discontinuous and con- 
tinuous conduction based on load conditions (see Fig. 4). 
The inductor charge time is controlled by: 
Ton=5.0|is/VBAT. In discontinuous conduction mode, this 
results in a constant peak current regardless of the input 
voltage. For a 22p,H inductor, the resulting peak current 
is approximately 225mA. 

Constant on time control is maintained, unless the induc- 
tor current reaches the I M ax limit. In order to provide for 
constant output power capability, the Imax limit scales 
slightly with input voltage. The Imax limit for a 1.25V in- 
put is 550mA, for example, while the Imax limit for 2.5V is 
400mA. Once the inductor current becomes continuous, 
the discharge time is fixed at Toff=1-0jis, until the main 
output rises above its threshold voltage. The short off 
time reduces the inductor's ripple current in continuous 
mode operation and allows the inductor current to transi- 
tion to the Imax limit if a single discontinuous pulse is not 
adequate. 
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Typical Cycle 

Fig. 4 depicts typical voltage and current waveforms of 
the converter servicing the VOUT and VGD outputs. It will 
be assumed that the pulsed charger is disabled or does 
not require servicing. At time tl, VOUT drops below its 
threshold, and the inductor is charged for 5.0|ns/VBAT. At 
time t2, the inductor begins to discharge with a minimum 
off time of I.Ojis. Under lightly loaded conditions the 
amount of energy delivered in this single pulse would sat- 
isfy the voltage control loop, and the converter would not 
command any more energy pulses until the output again 
drops below the voltage threshold. 

At time t3, the VGD supply has dropped below its thresh- 
old, but VOUT is still above its threshold point. This re- 
sults in an energy pulse to the gate drive supply at t4. 
However, while the gate drive is being serviced, VOUT 
has dropped below its lower threshold, so the state ma- 
chine commands an energy pulse to VOUT as soon as 
the gate drive pulse is completed (time t5). Hysteresis 
(250mV) is added to the VGD comparator to prevent os- 
cillations between VOUT and VGD servicing. 

Time t6, represents a transition between light and heavy 
loads. A single energy pulse is not sufficient to force the 
main output voltage above its threshold before the mini- 
mum off time has expired, and a second charge cycle is 
commanded. Since the inductor current does not reach 
zero in this case, the peak current is greater than 225mA 
at the end of the next charge on time. This results in a 


ratcheting of inductor current until either the output volt- 
age is satisfied, or the converter reaches its maximum 
current limit (Imax). At time t7, the gate drive voltage has 
dropped below its higher 8.5V threshold but the con- 
verter continues to service the output because it has 
highest priority, unless VGD drops below its lower 7.0V 
threshold. 


Between t7 and t8, the converter reaches its maximum 
current limit (Imax). Imax is determined by integrated 
power limit circuitry and varies with VBAT. Once this limit 
is reached, the converter operates in continuous mode 
with approximately 60mA of ripple current. A time t8, the 
output voltage is satisfied, and the converter can service 
VGD, which occurs at t9. During all of these times the 
pulsed charger is not serviced since it is disabled. 


Pulsed Charger Operation 


The UCC39401 provides an output that allows a secon- 
dary power source such as a NiCd battery or SuperCap 
to be charged during normal operation. This secondary 
source can be used to backup the main output during al- 
kaline replacement or failure through an internal linear 
regulator. The source can also be used to provide a low 
impedance for an RF power amplifier. The average cur- 
rent delivered by the pulsed charger is programmed with 
the RSET resistor tied between VBAT and ICHG. The 
average charge current is given by: 


Vpchg ) 2 •*- 
500 •10~ 12 •R SE t 


Amps 


( 1 ) 
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Where IPCHG is the peak current allowed through the in- 
ductor by the pulse charger which is approximately 
375mA. Assuming a 22jnH inductor, the expression for 
average current simplifies to: 


I AVE ~ 


6 » 10 6 
r set 


mA 


( 2 ) 


Minimum average current is a function of the Rset value, 
a 1MQ R set results in a 6mA average charge current. 
Since the charger is operated in discontinuous conduc- 
tion mode (DCM) there is a maximum achievable aver- 
age current given by: 


_ / pchg * VBAT 
MAX 2 • VCHG 


Amps = 


375 • VBAT 
2 • VCHG 


mA 


( 3 ) 


A 1 .25V battery, for example, can charge a 3 cell NiCd 
stack (3.6V) at 65mA. 

Constant Trickle Charge: 

If a secondary NiCd battery is used to provide backup 
during Alkaline replacement, a constant C/16 or C/40 
trickle charge is typically applied to the NiCd to maintain 
capacity. Fig. 5 shows inductor current and Vchg wave- 
forms during a constant trickle charge. The Rset pin pro- 
grams the charge current resulting in a pulse rate Tchg- 
The charger shutdown pin CHGSD is tied high or left 
floating, keeping the charger continually enabled. 

At time tl , the charger's timer expires and the UCC39401 
allows inductor current to ramp up to an Ipchg °f 375mA. 
The inductor energy is then transferred to the NiCd pro- 
ducing a small ripple voltage on Vchg (caused by induc- 
tor current and the ESR of the battery). At time t2 the 


charge timer has again expired and the UCC39401 
delivers a packet of energy to the NiCd. At time t3, VGD 
requests servicing but must wait until the NiCd cycle is 
completed. The system microprocessor requires continu- 
ous current at time t4, and the charge timer request at t5 
is stored but not serviced. The charger is allowed to ser- 
vice the t5 request at time t6, only to have the charge 
timer request a new pulse at time t7. 

Gated Full Rate Charging 

If the secondary source is used for purposes other than 
backup ( i.e. RF transmission) it may be necessary to 
control the charger with the system microprocessor in or- 
der to quickly restore energy to the backup battery. This 
situation is illustrated in Fig. 6, where the average current 
is programmed near the maximum rate and the CHGSD 
pin is used to gate the charging. 

Between tl and t2 the UCC39401 is servicing VOUT and 
VGD with heavy loading on the main output; the second- 
ary battery has also been heavily utilized and needs to 
have capacity restored. At time t2 the Vqut load is de- 
creased and the system microprocessor toggles the 
CHGSD pin at time t3 allowing battery charging. A low 
Rset value is connected to the ICHG pin, setting the 
charger near its maximum rate. Inductor current is al- 
lowed to ramp to the Ipchg limit and repetitive pulses are 
applied to the battery, restoring capacity. VGD requires 
service at time t5, the charger attempts to catch up to the 
timer before it is disabled at time t6. 
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CHARGE TIMER PULSE 
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Figure 6. Gated full charge example. 

SuperCap Charging 

High capacity "super" capacitors are often used in place 
of traditional backup batteries for environmental and cost 
reasons. Unlike a NiCd battery, a constant trickle charge 
applied to a SuperCap will result in an increasing voltage. 
In order to prevent an over-voltage on the capacitor, the 
UCC39401 automatically disables the charger above 
5.75V. If the SuperCap voltage needs to be regulated to 
a lower value, the CHGSD pin can be used to disable 
charge current above a specified voltage. 

SYSTEM EFFICIENCY 

Portable equipment requires the power converter to de- 
liver 10's of milliamps to the load when the device is fully 
functioning. In standby mode however, where the device 
spends a majority of time, the equipment may require 
only 100's of microamps. The amount of time the device 
spends in various modes is heavily dependent upon the 
user. Because it is difficult to predict how often the device 
will be used, it is important that the converter operates 
efficiently over a wide dynamic load range in order to 
maximize battery lifetime. 

Discontinuous Mode 

In order to support a wide dynamic load range with a rea- 
sonably small value of inductance, the boost converter 
needs to operate in Discontinuous Conduction Mode 
(DCM) at medium and light loads. In order to maintain 
high efficiency over a wide load range, the UCC39401 
uses a Pulsed Frequency Mode (PFM) of operation 
where the peak inductor current is held constant and cy- 
cle time (Tqycle) is varied to accommodate load varia- 
tions. Fig. 7 shows inductor current in discontinuous 
conduction mode. 



Figure 7. Discontinuous mode inductor current 


An analysis of the converter losses is useful in determin- 
ing the peak inductor current that will optimize DCM effi- 
ciency. Fig. 8 shows a synchronous boost converter 
along with the equivalent circuit elements that are major 
contributors to power loss. This model is valid for either 
the VOUT or VCHG outputs of the UCC39401 (switch ca- 
pacitances have been reflected to the gate for simplicity). 

DCM efficiency for either the VOUT or VCHG output can 
be calculated from the input energy and loss energy for a 
single conversion cycle (Tcycle)- Based on the wave- 
forms of Fig. 7 and the circuit elements of Fig. 8, Table 1 
gives equations for single cycle energy values and the re- 
sulting overall efficiency. 

Once the values of the circuit elements (Fig. 8) are 
known, these equations can be used to determine the 
optimum peak inductor current for the converter in DCM. 
Fig. 9 depicts a typical efficiency curve for the UCC39401 
main output (VOUT) as the peak inductor current is var- 
ied. 
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E in = 2 * lpEAK 9 ^ BAT ^ ~ CH + ' f ' BST ) ^ ^ 


Conduction Energy Lost 

E conduction - (- PEAK ~- (R C h^ch + Rbst^bst ) 


(5) 

Where: 

Rch = Rbat + Rind + Rs j i 
Rbst -Rbat + Rind + Rs2 +Rcap 


Switching Energy Lost 


: SWITCH 


= 2 •a 


GATE 


1 (Ygd y 


(6) 


vs. peak inductor current. 

375mA with an efficiency of 85%. The peak current for 
both outputs was optimized for a 22jxH boost inductor. 

In previous discussions, the effects of control chip quies- 
cent currents on efficiency have been ignored. The quies- 
cent (Iqd) energy lost during a single conversion cycle is 
affected by the conversion period (Tcycle) which is a 
function of the load current. As Tcycle increases at light 
loads, the Iqd energy lost will also increase, thereby re- 
ducing efficiency. Equation 8 relates the optimal effi- 
ciency (ignoring Iqd an d operating in DCM at the optimal 
peak current) to efficiency taking Idd into account. Notice 
that optimal system efficiency is reduced by 50% when 
Idd is equal to I L oad- 

( 8 ) 


h WITHJDD ~ 


1 + 


JL 

In 


LOAD 


% 


Table 1. Input and lost energy for a single conver- 
sion cycle in discontinuous conduction mode (DCM) 

As shown in Fig. 9, conduction losses dominate with 
large peak currents, where switching losses dominate 
with small peak currents. It is interesting to note that in 
discontinuous conduction mode, the optimum peak in- 
ductor current is independent of load current (see Table 1 
equations). The optimum peak current calculated for 
VOUT is 225mA with an efficiency of 90%. The optimum 
peak current calculated for the charger output (VCHG) is 


Since the VGD output supplies the gate drive voltage for 
both VOUT and VCHG, the I D d current supplied by the 
VGD output has been broken into two components on 
the Electrical Characteristics Table, this way VOUT and 
VCHG efficiencies can be calculated separately. 

Continuous Mode Operation 

Discontinuous conduction mode results in a simple con- 
trol scheme, however, the average load current (reflected 
to the input) is limited to less than half the peak current. 
If the peak current is increased, efficiency and the output 
voltage ripple will suffer. In order to provide increased 
load current, the converter is allowed to transition into 
Continuous Conduction Mode (CCM) when servicing the 
main output (see Fig. 10). 
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Figure 10. Adaptive current mode controi. 


If a single discontinuous mode energy pulse is not suffi- 
cient to bring the main output into regulation, the current 
in the inductor is allowed to increase until a maximum 
current (Imax) is reached. In order to maintain a constant 
input power capability when the battery voltage de- 
creases, Imax is automatically varied with input voltage 
as follows: 


Imax 


1 

V BAT 


( 9 ) 


For example, Imax with a 2.5V input is 400mA, for a 
1.25V input it becomes 550mA. Since Imax is greater 
than the optimal peak current for the converter, efficiency 
in CCM is reduced slightly. 

Efficiency Curves 

Continuous conduction mode allows increased output 
power, while discontinuous PFM mode delivers optimal 
efficiency at light loads. By providing efficient conversion 
over the usable battery voltage in both modes, operation 
time is maximized. Fig. 1 1 shows efficiencies versus load 
current for the main and charger outputs over a wide load 
range. 

Charger efficiency includes converter losses in transfer- 
ring charge from the Alkaline battery to the backup 
source. If the backup source is a battery, it can typically 
be trickle charged at a reduced rate (C/16 for example) 
indefinitely, with the excess energy being converted to 
heat in the battery. In this case the charger efficiency 
may be high, but the energy pulled from the Alkaline is 
being wasted. Therefore, it is important to trickle charge 
the secondary battery at the lowest possible rate (just 
above the worst case self discharge) in order to maxi- 
mize the runtime of the primary Alkaline battery. 
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Figure 1 1. VOUT and VCHG efficiency as a function 
of load current. (VBAT=1.25V, VOUT=3.3V, 
VCHG=3.6V) 


Component Selection 

An inductor value of 22pH will work well in most 
applications, but values between 1 0ptH to IOOjiH are also 
acceptable. Lower value inductors typically offer lower 
ESR and smaller physical size. Due to the nature of the 
"bang-bang" controllers, larger inductor values will 
typically result in larger overall voltage ripple, because 
once the output voltage level is satisfied the converter 
goes discontinuous, resulting in the residual energy of 
inductor causing overshoot. It is recommended to keep 
the ESR of the inductor below 0.25Q for 200mW 
applications. A Coilcraft DS1608C-223 surface mount 
inductor is one choice since it has a current rating of 
0.7A and a maximum ESR of IIOmQ. Other choices for 
surface mount inductors are shown in Table 2. 


Manufacturer 
Part Number 

Phone 

Nominal 

Value 

Max 

ESR 

Max 

Current 

Coilcraft 

DO1608C-223 

800-332-2645 

22pH 

370 mQ 

0.8 

Amps 

Coilcraft 

DS1608C-223 

800-332-2645 

22pH 

(shielded) 

110 mO 

0.7 

Amps 

Coiltronics 

CTX5-1P 

561-241-7876 

20pH 

(toroidal) 

160 mQ 

1 Amp 

Sumida 

CDH73 

847-956-0666 

22jiH 

180 mft 

0.8 

Amps 


Table 2. Inductor recommendations. 


Once the inductor value is selected the capacitor value 
will determine the ripple of the converter’s main output. 
The worst case peak to peak ripple is primarily deter- 
mined by two components of the capacitor (assuming the 
ESL is low for a surface mount package), one is due to 
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the charge storage characteristic, and the other is the 
ESR of the capacitor. The worst case ripple occurs when 
the inductor is operating at maximum current and is ex- 
pressed as follows: 


AV = 


(/* 


<) 2 l 


2 C 0 ut( vo UT-VBAT) 


+ 4 


MAX^ESR 


Volts 


(10) 


Where: 

| MAX = the peak inductor current 
Cout = output capacitor value 
Cesr = ESR the out P ut capacitor 

A Sanyo OS-CON series surface mount capacitor 
(10SN100M) is one recommendation. This part has an 
ESR rating of 90mO at lOOpF. Other potential capacitor 
sources are shown in Table 3. 


Manufacturer 

Capacitor Family 

Sanyo www.sanyo.com 

OS-CON 

AVX 803-448-941 1 

TPS series 

Sprague 207-324-7223 

593 and 594 series (591 
low profile) 

Kemet 

T495, T510 


Table 3. Capacitor Recommendations 


VGD output ripple is primarily determined by the 
hysteresis of the internal comparator (250mV). A low 
ESR IOjiF capacitor is recommended at this output to 
minimize additional output ripple due to the pulsed 
currents. Since the pulsed charger’s holdup capacity is 
typically large, the VCHG output ripple is mainly a 
function of the secondary battery or Super Capacitor’s 
ESR. Due to its low input voltage requirement, the 
UCC39401 does not require a large decoupling capacitor 
on the VBAT input to operate properly, a 10|iF cap is 
sufficient for most applications. The addition of low value 
ceramic capacitors on the input and output pins (0.1 pF 
for example) will reduce high frequency noise. For noise 
sensitive applications, further ripple rejection on the main 
output is possible with an LC filter and/or a linear post 
regulator. 

The Backup Linear Regulator (LDO) 

The backup circuitry is intended to prevent the loss of 
VOUT under low alkaline battery conditions. A block dia- 
gram of the UCC39401’s backup circuitry is shown in Fig. 
12. The backup circuitry is enabled with either the 
LDOEN or BATMON pins. When LDOEN is open or 
driven to a logic 1, the linear regulator is enabled 
(forced), regardless of the condition of the alkaline bat- 
tery. When the LDOEN pin is grounded or driven to a 


logic 0, the backup circuity will be automatically enabled 
when the alkaline battery is too low. The low battery 
threshold is set by using 2 external resistors connected 
between VBAT, BATMON, and GND. If two equal value 
resistors are used, the VBATOK output will go low and 
an automatic LDO backup will occur when the alkaline 
battery decays below 0.9V. 



During “Backup”, the boost converter is shutdown and 
the LDO regulates the VOUT voltage (programmed at the 
FB pin). The output will maintain regulation as long as 
VCHG is greater than VOUT plus the dropout voltage of 
the LDO. The dropout voltage of the regulator is deter- 
mined by the load current and minimum RDSon of the 
regulator. The RDSon of the regulator is guaranteed to 
be less than 20L2, this corresponds to a 200mV dropout 
voltage with a 10mA load. If VCHG falls to within 50mV of 
VOUT, the internal LDO is disabled and the connection 
between VOUT and VCHG is “open”. 

Reset Circuit 

The UCC39401 allows the reset trip voltage to be pro- 
grammed with two external resistors. By connecting the 
RADJ pin to the FB pin, the resulting reset level is 90% of 
the regulated output level. In most applications VOUT is 
monitored by the reset circuit, however, the design allows 
voltages other than VOUT to be monitored. Referring to 
the simplified applications diagram, the voltage below 
which reset will be asserted is determined by: 

Vres =1-08 + — j*^oo7- V°H S 

Once VOUT rises above the programmed threshold, 
RESB remains low for the reset period defined by: 
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t res —1 .20 • Cj- seconds 
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UCC29401 

UCC39401 


APPLICATION INFORMATION (cont.) 



t5 t6 t7 t8 

t5: Voltage glitch occurs whose magnitude and duration 
is greater than the RADJ filter, RESB is asserted. 

t6: VOUT programmed threshold, RESB remains low 
for TRES. 

t7: TRES expires, RESB pulls high. 
t8: VDD dips below threshold and RESB is asserted. 

Figure 13. Reset timing waveforms. 


tl t2 t3 t4 

tl : New Alkaline cell is inserted, RESB pulls low. 

t2: VOUT boosted to greater than the programmed 
threshold, RESB remains low for TRES. 

t3: TRES expires, RESB pulls high. 

t4: Voltage glitch occurs, but is filtered at the RADJ pin, 
RESB remains high. 


where tREs is time in seconds and CT is capacitance in 
microfarads. CT is charged with a precision current 
source of IjiA, a high quality, low leakage capacitor 
(such as an NPO ceramic) should be used to maintain 
timing tolerances. The reset circuit stays operational as 
long as either VGD, VOUT, or VCHG is greater than 2 
volts. Fig. 13 illustrates the voltage levels and timings as- 
sociated with the reset circuit. The figure assumes a 
regulated VOUT of 3.3V and that RADJ is connected to 
FB. 

Fig. 14. represents typical values for glitch supression ac- 
complished by the RADJ filter. The actual filtering is de- 
pendent on both glitch duration and voltage undershoot. 

General Purpose Switches 

Two general purpose 1.5Q alarm switches are included 
to control high current loads. Typical load examples 
would include a vibrator for a pager, a ring circuit for a 
cell phone, or an RF transmit amplifier. The N-Channel 
output switches are enabled with CMOS compatible volt- 
age levels, a high level (1.1V) on the input (INI, IN2) will 
turn on the corresponding outputs (OUT1, OUT2) as 
shown in the block diagram of Fig. 1 . 



Figure 14. Typical glitch supression at the RADJ pin. 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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y 

mh UNITRODE 

IV Synchronous Boost Converter 



PRELIMINARY 


FEATURES 

• IV Input Voltage Operation Startup 
Guaranteed Under Full Load on Main 
Output With Operation Down to 0.4V 

• Input Voltage Range of IV to Vqut + 
0.5V 

• 500mW Output Power at Battery 
Voltages as Low as 0.8V 

• Secondary 9V Supply From a Single 
Inductor 

• Adjustable Output Power Limit Control 

• Output Fully Disconnected in 
Shutdown 

• Adaptive Current Mode Control for 
Optimum Efficiency 

• 8|iA Shutdown Supply Current 


DESCRIPTION 

The UCC3941 family of low input voltage single inductor boost converters 
are optimized to operate from a single or dual alkaline cell, and step up to 
a 3.3V, 5V, or an adjustable output at 500mW. The UCC3941 family also 
provides an auxiliary 9V lOOmW output, primarily for the gate drive supply, 
which can be used for applications requiring an auxiliary output such as a 
5V supply by linear regulating. The primary output will start up under full 
load at input voltages typically as low as 0.8V, with a guaranteed maximum 
of IV, and will operate down to 0.4V once the converter is operating, maxi- 
mizing battery utilization. 

Demanding applications such as Pagers and PDA’s require high efficiency 
from several milli-watts to several hundred milli-watts, and the UCC3941 
family accommodates these applications with >80% typical efficiencies 
over the wide range of operation. The high efficiency at low output current 
is achieved by optimizing switching and conduction losses along with low 
quiescent current. At higher output current the 0.25S2 switch, and 0.4£2 syn- 
chronous rectifier, along with continuous mode conduction, provide high ef- 
ficiency. The wide input voltage range on the UCC3941 family can 
accommodate other power sources such as NiCd and NiMH. 


Other features include maximum power control and shutdown control. 
Packages available are the 8-pin SOIC (D) and 8-pin DIP (N or J). 


SIMPLIFIED BLOCK DIAGRAM AND APPLICATION CIRCUIT 
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CONNECTION DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


VIN Voltage -0.3V to 10V 

SD Voltage -0.3V to VIN 

PLIM Voltage -0.3V to 10V 

VGD Voltage -0.3V to 15V 

SW Voltage -0.3V to 15V 

VOUT Voltage -0.3V to 1 0V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of Databook for thermal limitations 
and considerations of packages. 


DIL-8, SOIC-8 (Top View) 


N or J Package, D Package 



W 


V0UT El 


T]sw 

VGD [T 


TjPGND 

VIN |T 


T]sgnd* 

SD [T 


TjPLIM 


Pin 6 is FB for UCC3941-ADJ. 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, T A = 0°C to 70°C, VIN = 1.25V, T A = Tj. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX | UNITS 

VIN Section | 

Minimum Startup Voltage 

No External VGD Load, Tj = 25°C, Iout = 100mA (Note 1) 


0.8 

1 

V 

Minimum Start Voltage 

No External VGD Load, Iout= 100mA (Note 1) 


0.9 

1.1 

V 

Minimum Dropout Voltage 

No External VGD Load, Iout= 100mA (Note 1) 



0.5 

V 

Input Voltage Range 


1 


VOUT 

+0.5 

V 

Quiescent Supply Current 

(Note 2) 


10 

25 

pA 

Supply Current at Shutdown 

SD = Open 


8 

20 _ 

pA 

Output Section 1 

Quiescent Supply Current 

(Note 2) 


40 

80 

mA 

Supply Current at Shutdown 

SD = Open 


6 

15 

pA 

Regulation Voltage (UCC3941-3) 

1 V < VIN < 3V 

3.20 

3.3 

3.39 

V 


1 V < VIN < 3V, 0mA < I 0 ut < 1 50mA (Note 1 ) 

3.17 

3.3 

3.43 

V 

Regulation Voltage (UCC3941-5) 

1 V < VIN < 5V 

4.85 

5 

5.15 

V 


1 V < VIN < 5V, 0mA < I 0 ut 100mA (Note 1) 

4.8 

5 

5.2 

V 

FB Voltage (UCC3941-ADJ) 

IV < VIN <3V 

1.212 

1.25 

1.288 

V 

VGD Output Section 

Quiescent Supply Current 

(Note 2) 


30 

60 

pA 

Supply Current at Shutdown 

SD = Open 


8 

20 

pA 

Regulation Voltage 

IV < VIN < 3V, Ta = 25°C 

7.5 

8.7 

9.2 

V 

IV < VIN <3V 

7.4 

8.7 

9.3 

V 

1 V < VIN < 3V, 0mA < I 0 ut < 1 0mA (Note 1 ) 

7.4 

8.7 

9.3 

V 

Inductor Charging Section (L = 22uH) | 

Peak Discontinuous Current 

Over Operating Range 


0.5 


A 

Peak Continuous Current 

Rplim = 6.2Q 

0.5 

0.8 

1.1 

A 

Inductor Charging Section | 

Charge Switch RDSon 

N and D Package, 1 = 200mA 


0.25 

0.4 

Q 

Current Limit Delay 

(Note 1) 


50 


ns 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, T A = 0°C to 70°C, VIN = 1.25V, T A = Tj. 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

Synchronous Rectifier Section | 

Rectifier RDSon 

N and D Package, 1 = 200mA 1 

0.35 

0.6 1 D 

Shutdown Section 

Shutdown Bias Current 

r 

7 

10 | (iA 


Note 1: Performance from application circuit shown in Figures 3 - 5 guaranteed by design and alternate testing methods, but not 
100% tested as shown in production. 

Note 2: For the UCC3941-3, VOUT = 3.47V and VGD = 9.3V. For the UCC3941-5, VOUT = 5.25V, VGD = 9.3V. For the UCC3941- 
ADJ, FB = 1.315V, VGD = 9.3V. 


PIN DESCRIPTIONS 

FB: Feedback control pin used in the UCC3941-ADJ 
version only. The internal reference for this comparator is 
1.25V and external resistors provide the gain to the 
output voltage. 

PGND: Power ground of the 1C. The inductor charging 
current flows through this pin. For the UCC3941-ADJ 
signal ground and power ground lines are tied to a 
common pin. 

PLIM: This pin is programmed to set the maximum input 
power for the converter. For example a 1 A current limit at 
IV would have a 333mA limit at 3V input keeping the 
input power constant at 1W. The peak current at VIN = 
IV is programmed to 1.5A (1.5W) when this pin is 
grounded. The power limit is given by: 

P ^ = Ft" +6.7 +V/,W(0 ' 26) 

where Rpl is equal to the external resistor from the PLIM 
pin to ground. The peak current limit is given by: 

lpKiA> = V IN .(R PL+ 6:7) +0 - 26 

Constant power gives several advantages over constant 
current such as lower output ripple. 

SD: When this pin is open, the built in 7(iA current 
source pulls up on the pin and programs the 1C to go into 
shutdown mode. When this pin is tied to ground, the 1C is 
enabled and both output voltages will regulate. 

SGND: Signal ground of the 1C. For the UCC3941-ADJ 
signal ground and power ground lines are tied to a 
common pin. 


SW: An inductor is connected between this node and 
VIN. The VGD (Gate Drive Supply) flyback diode is also 
connected to this pin. When servicing the 3.3V supply, 
this pin will go low charging the inductor, then shut off, 
dumping the energy through the synchronous rectifier to 
the output. When servicing the VGD supply, the internal 
synchronous rectifier stays off, and the energy is diverted 
to VGD through the flyback diode. During discontinuous 
portions of the inductor current a MOSFET resistively 
connects VIN to SW damping excess circulating energy 
to eliminate undesired high frequency ringing. 

VGD: The VGD pin which is coarsely regulated around 
9 V and is primarily used for the gate drive supply for the 
power switches in the 1C. This pin can be loaded with up 
to 1 0mA as long as it does not present a load at voltages 
below 2V. This ensures proper startup of the 1C. The 
VGD supply can go as low as 7.5V without interfering 
with the servicing of the 3.3V output. Below 7.5V, VGD 
will have the highest priority, although practically the 
voltage should not decay to that level if the output 
capacitor is sized properly. 

VIN: Input voltage to supply the 1C during startup. After 
the output is running the 1C draws power from VOUT or 
VGD. 

VOUT: Main output voltage (3.3V, 5V or adjustable) 
which has highest priority in the multiplexing scheme, as 
long as VGD is above the critical level of 7.5V. Loads 
over 150mA are achievable at IV input voltage. This 
output will startup with IV input at full load. 
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APPLICATION INFORMATION 

A detailed block diagram of the UCC3941 is shown in 
Figure 1. Unique control circuitry provides high efficiency 
power conversion for both light and heavy loads by tran- 
sitioning between discontinuous and continuous conduc- 
tion based on load conditions. Figure 2 depicts converter 


waveforms for the application circuit shown in Figure 3. A 
single 22jliH inductor provides the energy pulses required 
for a highly efficient 3.3V converter at up to 500mW out- 
put power. 


VIN SW 



Note: Switches are shown in the logic low state. 


UDG-98146 


Figure 1. IV Synchronous boost 
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APPLICATION INFORMATION (cont.) 



At time ti, the 3.3V output drops below its lower thresh- 
old, and the inductor is charged with an on time deter- 
mined by: 

_12ns 

Tow ~w 

For a 1.25V input, and a 22 jiH inductor, the resulting 
peak current is approximately 500mA. At time t 2 , the in- 
ductor begins to discharge with a minimum off time of 
1 .7j^s. Under lightly loaded conditions, the amount of en- 
ergy delivered in this single pulse would satisfy the volt- 
age control loop, and the converter would not command 
any more energy pulses until the output again drops be- 
low the lower voltage threshold. 

At time t3, the VGD supply has dropped below its lower 
threshold, but the output voltage is still above its thresh- 
old point. This results in an energy pulse to the gate drive 
supply at t4. However, while the gate drive is being serv- 
iced, the output voltage has dropped below its lower 
threshold, so the state machine commands an energy 
pulse to the output as soon as the gate drive pulse is 
completed. 


Time t6, represents a transition between light and heavy 
load. A single energy pulse is not sufficient to force the 
output voltage above its upper threshold before the mini- 
mum off time has expired, and a second charge cycle is 
commanded. Since the inductor current does not reach 
zero in this case, the peak current is greater than 0.5A at 
the end of the next charge on time. The result is a 
ratcheting of inductor current until either the output volt- 
age is satisfied, or the converter reaches its programmed 
current limit. At time t7, the gate drive voltage has 
dropped below its threshold but the converter continues 
to service the output because it has highest priority, un- 
less VGD drops below 7.5V. 

Between t7 and ts, the converter reaches its peak current 
limit which is determined by Rpl and VIN. Once the limit 
is reached, the converter operates in continuous mode 
with approximately 200mA of ripple current. At time ts, 
the output voltage is satisfied, and the converter can 
service VGD, which occurs at t9. 
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APPLICATION INFORMATION (cont.) 
Programming the Power Limit 

The UCC3941 incorporates an adaptive power limit con- 
trol which modifies the converter current limit as a func- 
tion of input voltage. In order to program the function, the 
user simply determines the output power requirements 
and makes an initial converter efficiency estimate. The 
programming resistor is chosen by: 


Pout-V BA t (0.26) 


Where n is the initial efficiency estimate. For 500mW of 
output power, and an efficiency estimate of 0.75: 


Rpl - 


1 1.8 *0.75 
0.5-1.25(0.26) 


-6.7 


43. 8 Q 


For decreasing values of Rpl, the power limit increases. 
Therefore, to insure that the converter can supply 
500mW of output power, a power limiting resistor of less 
than 15Q must be chosen. For the circuit shown in Fig- 
ure 3, R pl is chosen as 6.2£2: 

P, = — +1.25(0.26) =0.56W 

43 .8 + 6.7 £2 v ' 


This power limiting setting will support 0.5W of output 
power. It should be noted that the power limit equation 
contains an approximation which results in slightly less 
actual input power than the equation predicts. This dis- 
crepancy results from the fact that the average current 
delivered to the load will be less than the peak current 


set by the power limit function due to current ripple. How- 
ever, if the ripple component of the current is kept low, 
the power limit equation can be used as an adequate es- 
timate of input power. Furthermore, since an initial effi- 
ciency estimate was required, sufficient margin can be 
built into this estimate to insure proper converter opera- 
tion. 



Figure 4. Dual output synchronous boost 5V version. 




Figure 3. Dual output synchronous boost 3.3V Figure 5. Dual output synchronous boost ADJ 

version. 
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APPLICATION INFORMATION (cont.) 

Inductor Section 

An inductor value of 22jlxH will work well in most applica- 
tions, but values between 10|uH and lOOpH are also ac- 
ceptable. Lower value inductors typically offer lower ESR 
and smaller physical size. Due to the nature of the 
“bang-bang” controllers, larger inductor values will typi- 
cally result in larger overall voltage ripple, because once 
the output voltage level is satisfied the converter goes 
discontinuous, resulting in the residual energy of inductor 
causing overshoot. 

It is recommended to keep the ESR of the inductor below 
0.1 5£2 for 500mW applications. A Coilcraft DT3316P-223 
surface mount inductor is one choice since it has a cur- 
rent rating of 1 .5A and an ESR of 84mCl Other choices 
for surface mount inductors are shown in Table 1 . 


Table 1. Inductor Suppliers 


MANUFACTURER 

PART NUMBERS 

Coilcraft 

Cary, Illinois 

Tel: 708-639-2361 

Fax: 708-639-1469 

DT Series 

Coiltronics 

Boca Raton, Florida 

Tel: 407-241-7876 

CTX Series 


Output Capacitor Selection 

Once the inductor value is selected the capacitor value 
will determine the ripple of the converter. The worst case 
peak to peak ripple of a cycle is determined by two com- 
ponents, one is due to the charge storage characteristic, 
and the other is the ESR of the capacitor. The worst case 
ripple occurs when the inductor is operating at maximum 
current and is expressed as follows: 


AV - 


Vcl ) 2 


2»C»(V 0 -Vi) 


+ 1 cl *C E sr where 


Iql = the peak inductor current l CL = 


Power Limit \ 


V, 


IN 


) 


AV = output ripple 
Vq = output voltage 
V| = input voltage 

Cesr = E $ R °f the out P ut capacitor 

A Sanyo OS-CON series surface mount capacitor 
(10SN100M) is one recommendation. This part has an 
ESR rating of 90mH at 100pF. Other potential capacitor 
sources are shown in Table 2. 


Table 2. Capacitor Suppliers 


MANUFACTURER 

PART NUMBER 

Sanyo Video 

Components 

San Diego, California 

Tel: 619-661-6322 

Fax: 619-661-1055 

OS-CON Series 

AVX 

Sanford, Maine 

Tel: 207-282-51 1 1 

Fax: 207-283-1941 

TPS Series 

Sprague 

Concord, New Hampshire 
Tel: 603-224-1961 

695D Series 


Input Capacitor Selection 

Since the UCC3941 family does not require a large de- 
coupling capacitor on the input voltage to operate prop- 
erly, a lOpF capacitor is sufficient for most applications. 
Optimum efficiency will occur when the capacitor value is 
large enough to decouple the source impedance. This 
usually occurs for capacitor values in excess of lOOjxF. 


7-54 





UCC3941 -3/-5/-ADJ 



Figure 6. UCC3941 Efficiency vs. I out 


Figure 7. UCC3941 Efficiency vs. I out 



II 

0.5A/DIV 


To Tl T 2 T3T4 

2ms/DIV 

200kHz startup oscillator starts VGD rising. 

VGD gets to a sufficient voltage (5V) to run 1C in normal operating mode. 

VGD has reached a sufficient voltage (7.5V) to get VOUT started. 

VOUT is serviced and starting up. 

VOUT has reached a sufficient voltage and VGD is serviced until it reaches = 8.5V. 


Figure 8. Startup characteristics. 
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APPLICATION INFORMATION (cont.) 


VGD LOAD = 10mA 
VOUTLOAD =50mA 



T i : VOUT is service and inductor current goes continuous. 14 : 47:12 

T 2 : VGD is serviced with discontinuous operation and reaches 1st threshold (7.5V). 

T 3 : VOUT requires servicing so since VGD has at least reached its first threshold of 7.5V the VOUT has priority. 

T 4 : VOUT is satisfied and VGD is serviced until 2nd threshold is reached. 

T5: Both outputs are satisfied. 


Figure 9. Dual output example. 



Figure 10. Pseudo continuous mode operation 
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Figure 13. UCC3941-ADJ Ilim vs. R p (J package only) Figure 14. UCC3941-ADJ I U m vs - r p ( ail other 

packages) 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 FAX (603) 424-3460 
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UCC1 941 1/2/3 
UCC2941 1/2/3 
UCC3941 1/2/3 

Low Power Synchronous Boost Converter preliminary 



FEATURES 

• IV Input Voltage Operation Start-up 
Guaranteed under FULL Load on 
Main Output, and Operation Down to 
0.5V 

• 200mW Output Power at Battery 
Voltages as low as 0.8V 

• Secondary 7V Supply from a Single 
Inductor 

• Output Fully Disconnected in 
Shutdown 

• Adaptive Current Mode Control for 
Optimum Efficiency 

• High Efficiency over Wide Operating 
Range 

• 6|iA Shutdown Supply Current 

• Output Reset Function with 
Programmable Reset Period 


DESCRIPTION 

The UCC39411 family of low input voltage, single inductor boost 
converters is optimized to operate from a single or dual alkaline cell, and 
steps up to a 3.3V, 5V, or adjustable output at 200mW. The UCC39411 
family also provides an auxiliary 7V output, primarily for the gate drive 
supply, which can be used for applications requiring an auxiliary output, 
such as 5V, by linear regulating. The primary output will start up under full 
load at input voltages typically as low as 0.8V with a guaranteed max of IV, 
and will operate down to 0.5V once the converter is operating, maximizing 
battery utilization. 

The UCC3941 1 family is designed to accommodate demanding 
applications such as pagers and cell phones that require high efficiency 
over a wide operating range of several milli-watts to a couple of hundred 
milli-watts. High efficiency at low output current is achieved by optimizing 
switching and conduction losses with a low total quiescent current (50pA). 
At higher output current the 0.5Q switch, and 1.2£2 synchronous rectifier 
along with continuous mode conduction provide high power efficiency. The 
wide input voltage range of the UCC3941 1 family can accommodate other 
power sources such as NiCd and NimH. 

The 3941 1 family also provides shutdown control. Packages available are 
the 8 pin SOIC (D), 8 pin DIP (N or J), and 8 pin TSSOP (PW) to optimize 
board space. 


SIMPIFIED BLOCK DIAGRAM AND APPLICATION CIRCUIT (UCC39412) 


START-UP 

CIRCUITRY 


MODULATOR CONTROL CIRCUIT 

• SYNCHRONOUS RECTIFICATION CIRCUITRY 

• ANTI-CROSS CONDUCTION 

• START-UP 

• MULTIPLEXING LOGIC 

• MAX INPUT POWER CONTROL 

• ADAPTIVE CURRENT CONTROL 


RESET CONTROL CIRCUIT 

• GLITCH SUPRESSION 

• PROGRAMMABLE TIMING 


Note: Pinout shown is for the TSSOP Package. Consult Package Descriptions for DIP and SOIC configurations. udg-98067 
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UCC2941 1/2/3 
UCC3941 1/2/3 


ABSOLUTE MAXIMUM RATINGS 

VIN Voltage 

SD Voltage 

VGD Voltage 

SW Voltage 


-0.3V to 10V 
. —0.3V to V|n 
- 0.3V to 14V 
-0.3V to 15V 


Currents are positive into, negative out of the specific terminal. 
Consult Packaging Section of the Databook for thermal limita- 
tions and considerations of packages. 


CONNECTION DIAGRAMS 


DIL-8, SOIC-8 (TOP VIEW) 

N or J Package, D Package 


vouT El 


~8~| SW 

VGD [IT 


~7~] GND 

vin QT 


~6~| CT 

SD/FB [T 


~5~| RESB 


TSSOP-8 (TOP VIEW) 



PW Package 





VIN 

1 



8 

VGD 



) 




SD/FB 

2 



7 

VOUT 

RESB 

3 



6 

| SW 

CT 

4 

- 



I GND 


ELECTRICAL CHARACTERISTICS: Tj= 0°C to +70°C for the UCC3941 1/2/3, Tj = -40°C to +85°C for the 
UCC2941 1/2/3, Tj = -55C to +125°C for the UCC1941 1/2/3, V| N = 1 .25V for UCC3941 1/2, V| N = 2.5V for the UCC39413, T a =Tj, 



UCC3941 1 
UCC39412 
UCC39413 

UCC1 941 1/2/3 
UCC2941 1/2/3 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

VIN Section 

Minimum Start-up Voltage 

No External VGD Load, Tj=25°C, 
Iout=60itiA (Note 1 ) 


0.8 

1 


.08 

1 

V 

No External VGD Load, louT=60mA 
(Note 1) 


0.9 

1.1 


1.2 

1.4 

V 

Minimum Dropout Voltage 

No External VGD Load, louT=10mA 
(Note 1) 



0.5 



0.7 

V 

Input Voltage Range 


1.1 


3.2 

1.3 


3.2 

V 

Quiescent Supply Current 

(Note 2) 


6 

12 


8 

16 

pA 

Supply Current at Shutdown 

SD = GND 


6 

12 


8 

16 

pA 
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ELECTRICAL CHARACTERISTICS: Tj= 0°C to +70°C for the UCC3941 1/2/3, Tj = -40°C to +85°C for the 
UCC2941 1/2/3, Tj = -55C to +125°C for the UCC1941 1/2/3, V| N = 1 -25V for UCC3941 1/2, V [N = 2.5V for the UCC39413, T a =Tj- 



UCC3941 1 
UCC39412 
UCC39413 

UCC1 941 1/2/3 
UCC2941 1/2/3 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output Section 

Quiescent Supply Current 

(Note 2) 


15 

28 


20 

37 

|IA 

Supply Current at Shutdown 

SD = GND 


3 

6 


5 

10 

pA 

Regulation Voltage (UCC39412) 

IV < V| N <3V 

3.2 

3.3 

3.39 

3.15 

3.3 

3.45 

V 

1 V < Vin < 3V, 0mA<louT<60mA 
(Note 1) 

3.17 

3.3 

3.43 

3.11 

3.3 

3.5 

V 

Regulation Voltage (UCC39413) 

IV < V| N <5V 

4.85 

5 

5.15 

4.78 

5 

5.23 

V 

1 V < Vin < 5V, 0mA<louT<60 m A 
(Note 1) 

4.8 

5 

5.2 

4.71 

5 

5.3 

V 

ADJ Voltage (UCC39411) 

IV < V| N <3V 

1.212 

1.25 

1.288 

1.194 

1.25 

1.306 

V 

VGD Output Section | 



Quiescent Supply Current 

(Note 2) 


20 

40 


27 

55 

pA 

Supply Current at Shutdown 

SD = GND 


20 

40 


27 

55 

HA 

Regulation Voltage 
(UCC3941 1/2) 

IV < V| N <3V 

6.3 

7 

7.7 

6.3 

7 

7.7 

V 

1 V < Vin < 3V, 0mA<louT<10rnA 
(Note 1) 

6.3 

7 

7.7 

6.3 

7 

7.7 

V 

Regulation Voltage (UCC3941 3) 

IV < V| N <5V 

7.7 

8.5 

9.3 

7.7 

8.5 

9.3 

V 

1 V < Vin < 5V, 0mA<louT<10rnA 
(Note 1) 

7.7 

8.5 

9.3 

7.7 

8.5 

9.3 

V 

Inductor Charging Section (L=22pH) j 



Peak Discontinuous Current 

Operating Range, L=22.1pH 

180 

250 

300 

180 

250 

300 

mA 

Peak Continuous Current 


385 

550 

715 

385 

550 

715 

mA 

Charge Switch RDSon 

D Package 


0.5 

0.75 


0.6 

0.85 

Q 

Current Limit Delay 

(Note 1) 


50 



50 


ns 

Synchronous Rectifier Section 



Rectifier RDSon 

D Package | 

1.2 

1.8 

1.4 2.16 

Q 

Shutdown Section 



Threshold 


0.4 

0.6 

0.8 

0.2 

0.6 

0.9 

V 

Input Bias Current 

SD = GND 

2 

5 

15 

2 

5 

15 

pA 

SD= 1.25V 


5 

20 


20 

100 

nA 

Reset Section 



Threshold (UCC39411) 


1.08 

1.125 

1.17 

1.07 

1.125 

1.18 

V 

Threshold (UCC39412) 


2.85 

2.97 

3.09 

2.83 

2.97 

3.11 

V 

Threshold (UCC39413) 


4.32 

4.5 

4.68 

4.3 

4.5 

4.7 

V 

Reset Period 

C T = 0.15(iF 

113 

188 

263 

94 

188 

282 

ms 

Vout to Reset Delay 

Vout Falling at -1 mV/ps (Note 1 ) 


60 



60 


ps 

Sink Current 


1 

20 


1 

20 


mA 

Output Low Voltage 

Iqut = 500pA 



0.1 



0.1 

V 

Output Leakage 




0.5 



0.5 

pA 


Note 1 : Guaranteed by design and alternate test methods. Not 100% tested in production. 

Note 2: For the UCC39411 FB=1.306V f VGD=7.7V, For the UCC39412 Vout= 3.5V and VGD=7.7V, For the UCC39413 
Vqut=5.3V, VGD=9.3V. 
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UCC1 941 1/2/3 
UCC2941 1/2/3 
UCC3941 1/2/3 


PIN DESCRIPTIONS 

VIN: Input Voltage to supply the 1C during start-up. After 
the output is running the 1C draws power from VOUT or 
VGD. 

SW: An inductor is connected between this node and 
VIN. The VGD (Gate Drive Supply) flyback diode is also 
connected to this pin. When servicing the main output 
supply this pin will pull low charging the inductor, then 
shut off dumping the energy through the synchronous 
rectifier to the output. When servicing the VGD supply 
the internal synchronous rectifier stays off and the en- 
ergy is diverted to VGD through the flyback diode. During 
discontinuous portions of the inductor current, a MOS- 
FET resistively connects VIN to SW damping excess cir- 
culating energy to eliminate undesired high frequency 
ringing. 

VGD: The VGD pin which is coarsely regulated around 
7V (8.5V for the UCC39413) is primarily used for the 
gate drive supply for the power switches in the 1C. This 
pin can be loaded with up to 10mA as long as it does not 
present a load at voltages below 2 V (this ensures proper 
start-up of the 1C). The VGD supply can go as low as 

APPLICATION INFORMATION 
Operation 

A detailed block diagram of the UCC3941 1 is shown in 
Figure 1 . Unique control circuitry provides high efficiency 
power conversion for both light and heavy loads by tran- 
sitioning between discontinuous and continuous conduc- 
tion based on load conditions. Figure 2 depicts converter 
waveforms for the application circuit shown in Figure 3. 
A single 22 jiH inductor provides the energy pulses re- 
quired for a highly efficient 3.3V converter at up to 
200mW output power 

At time tl the 3.3V output voltage has dropped below its 
lower threshold, and the inductor is charged with an on 
time determined by: Tqn = 5.5ps/VIN. For a 1 .25 V input 
and a 22pH inductor, the resulting peak current is ap- 
proximately 250mA. At time t2, the inductor begins to dis- 
charge with a minimum off time of approximately Ips. 
Under lightly loaded conditions, the amount of energy de- 
livered in this single pulse would satisfy the voltage con- 
trol loop, and the converter would not command any 
more energy pulses until the output again drops below 
the lower voltage threshold 

At time t3 the VGD supply drops below its lower thresh- 
old, but the output voltage is still above its threshold 
point. This results in an energy pulse to the gate drive 
supply at t4. In some cases, a single pulse supplied to 


6.3V without interfering with the servicing of the main 
output. Below 6.3V, VGD will have the highest priority. 

VOUT: Main output voltage (3.3V, 5V, or adjustable) 
which has highest priority in the multiplexing scheme, as 
long as VGD is above the critical level of 6.3V. Startup at 
full load is achievable at input voltages down to IV. 

CT: This pin provides the timer for determining the reset 
period. The period is controlled by placing a capacitor to 
ground of value C = (0.81e" 6 )*T where T is the desired 
reset period. 

RESB: This pin provides an active low signal to alert the 
user when the main output voltage falls below 10% of its 
targeted value. The open drain output can be used to re- 
set a microcontroller which may be powered off of the 
main output voltage. 

SD/FB: For the UCC3941 1 , this pin is used to adjust the 
output voltage via a resistive divider from VOUT. It also 
serves as the shutdown pin for all three versions. Pulling 
this pin low provides a shutdown signal to the 1C. 

GND: Ground of the 1C. 


VGD is insufficient to raise the VGD voltage level enough 
to satisfy the voltage loop. Under this condition, multiple 
pulses will be supplied to VGD. Note: when the 
UCC3941 1/2/3 is servicing VGD only, the 1C will maintain 
a discontinuous mode of operation. After time t4, the 
3.3V output drops below its threshold and requests to be 
serviced once the VGD cycle has completed, which oc- 
curs at time t5. 

Time t6 represents a transition between light load and 
heavy load. A single energy pulse is not sufficient to 
force the output voltage above its upper threshold before 
the minimum off time has expired and a second charge 
cycle is commanded. Since the inductor current does not 
reach zero in this case, the peak current is greater than 
250mA at the end of the next charge on time. The result 
is a ratcheting of inductor current until either the output 
voltage is satisfied, or the converter reaches its set cur- 
rent limit. At time t7, the gate drive voltage has dropped 
below its 7V threshold but the converter continues to 
service the output because it has higher priority unless 
VGD drops below « 6.3V 

Between time t7 and t8, the converter reaches its peak 
current limit. 

Once the peak current is reached, the converter operates 
in continuous mode with approximately 60mA of inductor 


7-61 


UCC1 941 1/2/3 
UCC2941 1/2/3 
UCC3941 1/2/3 


APPLICATION INFORMATION (continued) 



Figure 1. Low power synchronous boost. 

Notes: Switches are shown in the low state. 

Pinout as shown is for the 8 pin D, N or J. See Package Descriptions for 8 pin SOIC. 
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APPLICATION INFORMATION (continued) 


UCC1 941 1/2/3 
UCC2941 1/2/3 
UCC3941 1/2/3 




Figure 3. Low power synchronous boost converter ADJ version -200m W. 
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APPLICATION INFORMATION (continued) 

current ripple. At time t8, the 3.3V output is satisfied and 
the converter can service the gate drive voltage, VGD, 
which occurs at time t9 

Shutdown Control 

Shutdown of the UCC3941 1/2/3 is controlled via inter- 
face with the SD/FB pin. Pulling the SD/FB pin low, for 
all versions, causes the 1C to go into shutdown. In the 
UCC39412/3, the SD/FB pin is used solely as a shut- 
down function. Therefore, the SD/FB pin for the 
UCC39412 and UCC39413 can be directly controlled us- 
ing conventional CMOS or TTL technology. For the 
UCC3941 1 , interface into the SD/FB is slightly more 
complicated due to the added feedback function. When 
feeding back the output voltage to the SD/FB pin on the 
UCC3941 1 , the 1C requires a thevenin impedance of at 
least 200kQ (500kH for industrial/military applications) to 
ground. Then, to accomplish shutdown of the 1C, an open 
drain device may be used. 

Component Selection Inductor Selection 

An inductor value of 22pH will work well in most applica- 
tions, but values between lOpH to 100pH are also ac- 
ceptable. Lower value inductors typically offer lower ESR 
and smaller physical size. Due to the nature of the 
“bang-bang” controllers, larger inductor values will typi- 
cally result in larger overall voltage ripple, because once 
the output voltage level is satisfied the converter goes 
discontinuous, resulting in the residual energy of the in- 
ductor causing overshoot. 

It is recommended to keep the ESR of the inductor below 
0.1 5£2 for 200mW applications. A Coilcraft DT3316P-223 
surface mount inductor is one choice since it has a cur- 
rent rating of 1 .5A and an ESR of 84m£l 

Other choices for surface mount inductors are shown in 
Table 1. 


MANUFACTURER 

PART NUMBERS 

Coilcraft 

Cary, Illinois 

Tel: 708-639-2361 

Fax: 708-639-1469 

DT Series 

Coiltronics 

Boca Raton, Florida 

Tel: 407-241-7876 

CTX Series 


Table 1. Inductor Suppliers 


Output Capacitor Selection 

Once the inductor value is selected the capacitor value 
will determine the ripple of the converter. The worst case 
peak to peak ripple of a cycle is determined by two com- 
ponents, one is due to the charge storage characteristic, 
and the other is the ESR of the capacitor. The worst case 
ripple occurs when the inductor is operating at max cur- 
rent and is expressed as follows: 


- (JcLfL c 

zHYo-v,) CL 


• Icl = the peak inductor current = 550mA 

• AV= Output ripple 

• Vq= Output Voltage 

• V|= Input Voltage 

• Cesr= ^R °* the out P ut capacitor. 

A Sanyo OS-CON series surface mount capacitor 
(10SN100M) is one recommendation. This part has an 
ESR rating of 90mQ at lOOpF . 

Other potential capacitor sources are shown in Table 2. 


MANUFACTURER 

PART NUMBER 

Sanyo Video 

Components 

San Diego, California 

Tel: 619-661-6322 

Fax: 619-661-1055 

OS-CON Series 

AVX 

Sanford, Maine 

Tel: 207-282-51 11 

Fax:207-283-1941 

TPS Series 

Sprague 

Concord, New Hampshire 
Tel: 603-224-1961 

695D Series 


Table 2. Capacitor Suppliers 


Input Capacitor Selection 

Since the UCC3941 1 family does not require a large de- 
coupling capacitor on the input voltage to operate prop- 
erly, a lOpF cap is sufficient for most applications. 
Optimum efficiency will occur when the capacitor value is 
large enough to decouple the source impedance, this 
usually occurs for capacitor values in excess of lOOpF. 
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y 

mmm UNITRODE 

Multimode High Frequency PWM Controller 


PRELIMINARY 


FEATURES 

• Operation Down to an Input Voltage 
of 1.8V 

• High Efficiency Boost or Flyback 
(Buck-Boost) Topologies 

• Drives External FETs for High Current 
Applications 

• Up to 2MHz Oscillator 

• Synch ronizable Fixed Frequency 
Operation 

• High Efficiency Low Power Mode 

• High Efficiency at Very Low Power 
with Programmable Variable 
Frequency Mode 

• Pulse by Pulse Current Limit 

• 5jliA Supply Current in Shutdown 

• 150pA Supply Current in Sleep Mode 

• Selectable NMOS or PMOS 
Rectification 

• Built-in Power on Reset 
(UCC39422 Only) 

• Built-in Low Voltage Detect 
(UCC39422 Only) 


DESCRIPTION 


SIMPLIFIED BLOCK DIAGRAM AND APPLICATION CIRCUIT 



The UCC39421 family of synchronous PWM controllers 
is optimized to operate from dual Alkaline/NiCd cells or a 
single Lithium-Ion (Li-Ion) cell, and convert to adjustable 
output voltages from 2.5V to 8V. For applications where 
the input voltage does not exceed the output, a standard 
boost configuration is utilized. For other applications 
where the input voltage can swing above and below the 
output, a 1:1 coupled-inductor (Flyback or SEPIC) is 
used in place of the single inductor. Fixed frequency op- 
eration can be programmed, or synchronized to an exter- 
nal clock source. In applications where at light loads 
variable frequency mode is acceptable, the 1C can be 
programmed to automatically enter PFM (Pulse Fre- 
quency Modulation) mode for an additional efficiency 
benefit. 

06/99 7- 


Synchronous rectification provides excellent efficiency at 
high power levels, where N or P type MOSFETs can be 
used. At lower power levels (10-20% of full load) where 
fixed frequency operation is required, Low Power Mode is 
entered. This mode optimizes efficiency by cutting back 
on the gate drive of the charging FET. At very low power 
levels, the 1C enters a variable frequency mode (PFM). 
PFM can be disabled by the user. 

Other features include pulse by pulse current limiting, 
and a low 5pA quiescent current during shutdown. The 
UCC39422 incorporates programmable Power on Reset 
circuitry and an uncommitted comparator for low voltage 
detection. The available packages are 20 pin TSSOP, or 
20 pin N for the UCC39422, and 16 pin TSSOP, or 16 pin 
N for the UCC39421 . 
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UCC39421/2 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (VIN, VOUT,VPUMP) 8V 

CP 8V 

RSEN -0.3 to 12V 

SYNC/SD -0.3 to 5V 

ISENSE -0.3 to IV 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


All voltages are with respect to GND. Currents are positive into, 
negative out of the specified terminal. Consult Packaging Sec- 
tion of Databook for thermal limitations and considerations of 
packages. 


TSSOP-16, DIL-16 (TOP VIEW) 


N, PW Packages 





RSEN |j^ 


16 | RSEL 

VOUT |jT 


TT] COMP 

RECT [F 


TT] FB 

PGND [F 


TT] PFM 

CHRG [F 


TT] GND 

VPUMP [F 


TT] RT 

CP \L 


To] SYNC/SD 

VIN \j[_ 


~9~| ISENSE 


CONNECTION DIAGRAMS 


TSSOP-20, DIL-20 (TOP VIEW) 


N, PW Packages 



w 


RESETB |j_ 


20 | RSADJ 

RSEN [F 


TT] RSEL 

VOUT [F 


TT] COMP 

RECT [F 


T7] FB 

PGND [F 


TT] PFM 

CHRG [F 


TT] GND 

VPUMP [F 


TT] RT 

cp [F 


TT] SYNC/SD 

VIN [F 


TT] ISENSE 

LOWBAT [F 


TT] VDET 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = -40°C to +85°C for 
UCC29421/2, 0°C to +70°C for UCC39421/2; R T =100K, Vvpump=6V, Vv IN =3V 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

I VIN Section 

Minimum Start-up Voltage 



1 

1.5 

1.8 

V 

Operating Current 

Not in PFM Mode, No Load 


35 

60 

pA 

Sleep Mode Current 

PFM Mode, No Load 


35 

60 

pA 

Shutdown Supply Current 

SYNC/SD = High 


1.5 

4 

pA 

Startup Frequency 

V, n = 1.8V 

60 

120 

190 

kHz 

Startup Off Time 

V, n = 1.8V 


2 

5 

ps 

Startup CS Threshold 

V| N = 1.8V 


36 

56 

mV 

Minimum PUMP or VOUT Voltage to Exit 
Startup 


2.2 

2.5 

2.8 

V 

VPUMP Section 

Regulation Voltage 

Vvout=3-3V 

5.5 


6.6 

V 

Operating Current 

Outputs OFF 


100 


pA 

Sleep Mode Current 



5 


pA 

Shutdown Supply Current 

SYNC/SD = High, V 0 ut = 3V, Vvpump = 3V 


1 


pA 

CP Voltage to Turn On Pump Switch 

Vvpump = 5V 


5.3 

5.5 

V 

Pump Switch RDSqn 



4 


Q 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = -40°C to +85°C for 
UCC29421/2, 0°C to +70°C for UCC39421/2; R T =100K, Vvpump=6V, V V in=3V 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VOUT Section 

Operating Current 



500 

650 

HA 

Sleep Mode Current 


50 

100 

150 

pA 

Shutdown Supply Current 

SYNC/SD = High 


1 

2.2 

HA 

Vpump to Vout Threshold to Enable 
N-Channel Rectifier 

Vout = 3.3V 

L 

1.4 

1.7 

2.0 

V 

Error Amp Section | 

Regulation Voltage 

2V < VIN < 5V 

1.22 

1.25 

1.28 

V 

FB Input Current 

V FB = 1.25V 


100 

350 

nA 

Max Sinking Current, Iol 

v comp = IV, Vfb = Regulation Voltage +50mV 


50 

100 

pA 

Max Sourcing Current, Ioh 

Vcomp = OV, Vfb = Regulation Voltage -50mV 

-100 

-60 


KiA 

Transconductance 

Vfb = Regulation Voltage 4mV 


270 


nS 

Unity Gain Bandwidth 

C c = 330pF 


100 


kHz 

Max Output Voltage 

< 

n 

TO 

II 

o 

< 


1.9 

2.3 

V 

Oscillator Section 1 

Frequency Stability 

R T = 350k 

110 

150 

190 

kHz 


R t = 100k 

375 

475 

575 

kHz 


R T = 35k 

0.9 

1.2 

1.4 

MHz 

RT Voltage 



0.625 


V 

SYNC Threshold 


0.9 

1.2 

1.6 

V 

SYNC Input Current 

SYNC/SD = 2.5V 



100 

nA 

Max SYNC High Time 

To Avoid Shutdown 

11 

20 

29 

|US 

SYNC Range 

Rj= 100k 

1.1 0 


1.5 o 

kHz 

Current Sense Section 

Gain 


8 

10 

12 

VA/ 

Overcurrent Limit Threshold 



150 

200 

mV 

Unity Gain Bandwidth 



25 


MHz 

COMP Voltage to Isense Accuracy 

■sense = 70mV 

0.8 

1.0 

1.2 

V 

PWM Section 

Maximum Duty Cycle 

Visense=0V, VFB = 0V 

80 

88 


% 

Minimum Duty Cycle 

V FB = 1-5V 



0 

% 

Low Power Mode Vcomp Threshold 

At COMP pin 

0.42 

0.5 

0.58 

V 

Slope Compensation Accuracy 

Rj = 350k, Rslope - 20k 


2.8 


A/s 

Zero Current Threshold 

(RECT_SEN_ = VIN & GND) 

-20 

0 

20 

mV 

RSEL Threshold 


0.5 

0.9 

1.3 

V 

PFM Section 1 

PFM Disable Threshold 


0.17 

0.22 

0.27 

V 

Comp Hold During Sleep 

VpFM = 0.4 


0.45 


V 

Startup Delay After Sleep 

V FB < 1-23V 


4 

8 

M'S 

FB Voltage to Sleep Off 


1.19 

1.22 

1.25 

V 

FB Voltage to Sleep On 


1.22 

1.25 

1.29 

V 

Low Power Mode Timer After Sleep 



250 

450 

|US 
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = -40°C to +85°C for 
UCC29421/2, 0°C to +7Q°C for UCC39421/2; R T =1Q0K, Vvpump=6V, V V in=3V 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

VGSW Drive Section 

Rise Time 

C 0 = InF 


18 

35 

ns 

Fall Time 

C 0 = InF 


14 

30 

ns 

Output High 

Iqut = -1 00mA, Respect to VPUMP 


0.4 

0.65 

V 

Iout = -1 mA, Respect to VPUMP 


4 

10 

mV 

Output Low 

Iout = 1 00mA 


0.2 

0.35 

V 

Iqut = 1mA 


2 

6 

mV 

Charge Off to Rectifier On Delay 


10 

30 

50 

ns 

RECT Drive Section 

Rise Time 

C 0 = InF 


18 

35 

ns 

Fall Time 

C 0 = InF 


14 

30 

ns 

Output High 

Iout = -1 00mA, Respect to VPUMP 


0.2 

0.5 

V 

Iout = -1 mA, Respect to VPUMP 


5 

10 

mV 

Output Low Rectifier 

Iout= 100mA 


0.2 

0.35 

V 

Iout — 1mA 


2 

6 

mV 

Rectifier Off to Charge On Delay 


10 

20 

50 

ns 

RESET Section (UCC39422 Only) 

Reset Timeout 

Crsadj = 0.33pF 

100 

250 

400 

ms 

Reset Threshold 

% Below Regulation Voltage 

-7 

-5.5 

-4 

% 

Output Low Voltage 

Reset Condition, 1 = 5mA 


0.1 

0.35 

V 

Output Leakage 

RESET = 8V 


0.05 

0.15 

pA 

Voltage Detection Section (UCC39422 Only 


Threshold Voltage 


1.18 

1.26 

1.34 

V 

Output Low Voltage 

1 = 5mA 


0.15 

0.5 

V 

Output Leakage 

LOWBAT = 8V 


0.05 

0.15 

pA 


PIN DESCRIPTIONS 

COMP: This is the output of the transconductance error 
amplifier. Connect the compensation components from 
this pin to ground. 

CHRG: This is the gate drive output for the N-channel 
charge MOSFET. Connect it to the gate directly, or 
through a low value gate resistor. 

CP: This is the input for the charge pump. For 
applications requiring a charge pump, connect this pin to 
the charge pump diode and flying capacitor, as shown in 
the applications diagram of Fig 5. For applications where 
no charge pump is required, this pin should be grounded. 

FB: The feedback input is the inverting input to the tran 
sconductance error amplifier. Connect this pin to a 
resistive divider between Vout and ground. The output 
voltage will be regulated to: 


V 'out =1.25 


R\ 

(R1 + R2) 


where R1 goes to GND and R2 goes to VOUT. 

GND: This is the signal ground pin for the device. It 
should be tied to the local ground plane. 

ISENSE: This is the input to the XI 0 wide bandwidth 
current sense amplifier. Connect this pin to the high side 
of the current sense resistor. An internal current is 
sourced out this pin for slope compensation. For 
applications requiring slope compensation (or filtering of 
the current sense signal), use a resistor in series with 
this pin. 

LOWBAT: This is the open drain output of the 
uncommitted comparator. (UCC39422 only). This output 
is low when the VDET pin is above 1 .25V. 
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PIN DESCRIPTIONS (cont.) 

PFM: This is the programming pin for the PFM (Pulse 
Frequency Modulation) Mode threshold. Connect this pin 
to a resistive divider off of the FB pin (or VOUT) to set the 
PFM threshold. To disable PFM Mode, connect this pin to 
ground (below 0.2 V). 

PGND: This is the power ground pin for the device. 
Connect it directly to the ground return of the current 
sense resistor. 

RECT: This is the gate drive output for the synchronous 
rectifier. Connect it to the gate of the P or N channel 
MOSFET directly, or through a low value gate resistor. 

RECTSEN: This pin is used to sense the voltage across 
the synchronous rectifier for commutation. In boost 
configurations, connect this pin through a 1 K resistor to 
the junction of the two MOSFETs and the inductor. In 
flyback and SEPIC configurations, connect this pin 
through a 1 K resistor to the junction of the drain of the 
synchronous rectifier and the secondary side winding of 
the coupled inductor. 

RSADJ: A capacitor from this pin to ground sets the reset 
delay. (UCC39422 only) 

RSEL: This pin programs the device for N channel or P 
channel synchronous rectifiers by inverting the phase of 
the RECT gate drive output. Connect this pin to ground 
for N-channel MOSFETs, connect it to Vin for P-channel 
MOSFETs. 

RESET: This is the open drain output of the Reset 
comparator. (UCC39422 only) and is active low. 


RT: A resistor from this pin to ground programs the 
frequency of the pulse width modulator. 

SYNC/SD: This dual function pin is the SYNC and 
Shutdown input. To synchronize the internal clock to an 
external source, this pin must be driven above 2.0V. The 
clock syncs to the rising edge of the input. To shutdown 
the converter, this pin must be held high (above 2.0V) for 
a minimum of 20^isec. If not used, this pin should be 
grounded. 

VPUMP: This is the output of the charge pump. For 
applications requiring a charge pump, connect a 1 juF 
capacitor from this pin to ground. Otherwise, connect this 
pin to the higher of Vin or Vout, and decouple with a 
0.1 jaF capacitor. 

VOUT: Connect this pin to the output voltage. This input 
is used for sensing the voltage across the synchronous 
rectifier and for bootstrapping the gate drive to the 
charge FET and should be decoupled with a 0.1 piF 
capacitor. 

VIN: This is the input power pin of the device. Connect 
this pin to the input voltage source. A 0.1 |iiF decoupling 
capacitor should be connected between this pin and 
ground. 

VDET: This is the non-inverting input to an uncommitted 
comparator. This input may be used for detecting a low 
battery condition. (UCC39422 only) 


APPLICATION INFORMATION 

The UCC39421 is a high frequency, synchronous PWM 
controller optimized for portable, battery powered appli- 
cations where size and efficiency are of critical impor- 
tance. It includes high speed, high current FET drivers for 
those converter applications requiring low RDSqn exter- 
nal MOSFETs. A detailed block diagram is shown in 
Fig 1. 

Optimizing Efficiency 

The UCC39421 optimizes efficiency, extending battery 
life, by its low quiescent current and its synchronous rec- 
tifier topology. The additional features of Low Power 
Mode and PFM Mode maintain high efficiency over a 
wide range of load current. These features will be dis- 
cussed in detail. 


Power Saving Modes 

Since this is a peak current mode controller, the error 
amplifier output voltage sets the peak inductor current re- 
quired to sustain the load. The UCC39421 incorporates 
two special modes of operation designed to optimize effi- 
ciency over a wide range of load current. This is done by 
comparing the error amplifier output voltage (on the 
COMP pin) to two fixed thresholds (one of which is user 
programmable). If the error amplifier output voltage drops 
below the first threshold, Low Power (LP) mode will be 
entered. If the error amplifier output voltage drops even 
further, below a second user programmable threshold, 
PFM Mode will be entered. These modes of operation 
are designed to maintain high efficiency at light load, and 
are described in detail below. Refer to the simplified block 
diagram of Fig. 2 for the control logic. 
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Low Power Mode 


During normal operation, at medium to high load cur- 
rents, the switching frequency remains fixed, pro- 
grammed by the resistor on the RT pin. At these higher 
loads, the gate drive output on the CHRG pin (for the N 
channel charge FET) will be the higher of Vin or Vpump 
W hen the load current drops (sensed by a drop in the er- 
ror amp voltage), the UCC39421 will automatically enter 
LP mode, and the gate drive voltage on the CHRG pin 
will be reduced to lower gate drive losses. This helps to 
maintain high efficiency at light loads where the gate 
drive losses begin to dominate and the lowest possible 
Rdson is not required. If the load increases, normal or 
“High Power” mode will resume. The expression for gate 
drive power loss is given by equation 1 . It can be seen 
that the power varies as a function of the applied gate 
voltage squared. 


P GATELOSS = 


Q g »V G 2 »f 

Vs 


(1) 


Where Q g is the total gate charge and V s is the gate volt- 
age specified in the MOSFET manufacturer’s data sheet, 
V g is the applied gate drive voltage, and f is the switching 
frequency. 

The nominal COMP voltage where LP mode will be en- 
tered is 0.5V. Given the internal offset and gain of the 
current sense amplifier, this corresponds to a peak 
switch current of: 


_ (0.5 -0.3) _ 0.02 (2) 

'peak -77 O 

SENSE H SENSE 

Where 0.5V is the threshold for LP mode, 0.3V is the in- 
ternal offset and K is the nominal current sense amplifier 
gain of 10 and Rsense is the value of the current sense 
resistor. If the peak inductor current is below this value, 
the UCC39421 will enter LP mode and the gate drive 
voltage on the CHRG pin will be equal to Vj n . At peak 
currents higher than this, the gate drive voltage will be 
the higher of Vin or VPUMP. 

PFM Mode 

At very light loads, the UCC39421 will enter PFM Mode. 
In this mode, when the error amplifier output voltage 
drops below the PFM threshold, the controller goes into 
sleep mode until Vout has dropped slightly (20mV mea- 
sured at the feedback pin). At this time, the controller will 
turn back on and operate at fixed frequency for a short 
duration (typically a few hundred microseconds) until the 
output voltage has increased and the error amplifier out- 
put voltage has dropped below the PFM threshold once 
again. Then the converter will turn off and the cycle will 
repeat. This results in a very low duty cycle of operation, 
reducing all losses and greatly improving light load effi- 
ciency. During sleep mode, most of the circuitry internal 
to the UCC39421 is powered down, reducing quiescent 
current and maximizing efficiency. 
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The peak inductor current at which this mode will be en- 
tered is user programmable, by setting the voltage on the 
PFM pin. This can be done with a single resistor in series 
with the feedback divider, as shown in the application di- 
agrams. The nominal peak current threshold for PM 
mode will be defined by: 


1.25 • 


(m + R2) 


-0.3 


(3) 


1 PEAK 


K * R SENSE 



Where 0.3V is the internal offset and K is the nominal 
current sense amplifier gain of 10 and Rsense is the 
value of the current sense resistor. Note that in this case, 
the PFM pin voltage is set by the R1/R2 resistive divider 
off of the FB pin, which is regulated to 1 .25V. 

To further increase efficiency in Pulse mode, the gate 
drive on the CHRG pin will be held in the LP mode for 
200psec each time the controller comes on. This keeps 
gate drive losses low, even though the error amplifier out- 
put voltage may overshoot slightly when coming out of 
PFM. During sleep mode, the COMP pin is forced to 
50m V above the PFM pin voltage. This minimizes error 
amplifier overshoot when coming out of sleep mode, and 
prevents erroneously tripping the PFM comparator. 

Disabling PFM Mode 


Figure 3. Driving the PFM pin from a controlier 
output. 

higher input voltages, such as from four or five Alkaline 
or Nickel cells or two Li-ion cells, a buck regulator would 
usually be employed.) It will also drive either N-channel 
or P-channel MOSFET synchronous rectifiers. Table 1 
can be used to select the appropriate topology for a 
given combination of input and output voltage require- 
ments. Although it is designed to operate as a peak cur- 
rent mode controller, it can also be configured for voltage 
mode control. This will be discussed in a later section. 

The user can program the gate drive output on the RECT 
pin for N-channel MOSFETs by grounding the RSEL pin, 
or for P-channel MOSFETs by connecting the RESEL pin 
to VI N. Table 2 is used to determine whether an N or P 
channel synchronous rectifier should be used. 


The user may disable PFM mode by pulling the PFM pin 
below 0.2V. In this case, the UCC39421 will remain on, in 
fixed frequency operation at all load currents. The PFM 
pin can also be driven, through a resistive divider, off of 
an output from the system controller. This allows the sys- 
tem controller to prepare for an expected step increase in 
load, improving the converter’s large signal transient re- 
sponse. An example of this is shown in Fig 3. 

Choosing a Topology and Optimal Synchronous 
Rectifier 

The UCC39421 is designed to be very flexible, and can 
be used in Boost, Flyback and SEPIC topologies. It can 
operate from input voltages between 1 .8 and 8.0V. Out- 
put voltages can be between 2.5V and 8.0V. (Note that at 


Note: In all cases, low voltage logic MOSFETs should be 
used to achieve the lowest possible on-resistance for the 
highest efficiency. 

The application diagrams in Figs 4-8 illustrate the use of 
the UCC39421 in all the topologies, using N and P chan- 
nel rectifiers. They will be discussed in detail in the next 
section. 

Note that the higher the frequency of operation, the more 
critical the MOSFET gate charge becomes for efficiency, 
particularly at light loads. However, high load currents de- 
mand lower RDSon, which will tend to increase gate 
charge. These two parameters should be balanced. At 
lower frequencies, the gate charge will become less im- 
portant, at 1 MHz or more, it is critical. 


Table I. Selecting Topology Based on Input and Output Voltage Requirements 


Cell Type 

No. of Cells 

Vin Range 

VoUT 

Topology 

Alkaline or NiCd, NiMH 

2 

1 ,8V -3.0V 

3.0 < V < 8.0 

Boost 

3 

2.7V - 4.5V 

2.5 < V < 3.9 

Flyback or SEPIC 

4.5 < V < 8.0 

Boost 

Li-Ion 

1 

2.3V - 4.2V 

2.5 < V < 3.6 

Flyback or SEPIC 

4.2 < V < 8.0 

Boost 
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Boost Topology 

The boost topology is simple and efficient, and should be 
used whenever the desired output voltage is greater than 
the maximum input voltage. 

Boost Using Two N-Channel MOSFETs 

A boost converter using two N-channel MOSFETs is 
shown in Fig 4. This configuration is optimal for output 
voltages below 4V, where the output voltage may not be 
high enough to provide optimal gate drive for a 
P-channel MOSFET. Note that in this case, a charge 
pump is required to provide proper gate drive levels. This 


is easily accomplished by adding an external diode and a 
capacitor, as shown. The diode connects from the output 
voltage to the CP pin. It should be an ultrafast or a 
Schottky diode. A 0.1 |uF ceramic capacitor is connected 
from the drain of the charge FET to the CP pin. This is 
the “flying” cap that will be charged to (Vqut - Vqiode) 
every time the charge FET is on. A charge pump reser- 
voir cap is connected from the VPUMP pin to ground. It 
should be at least IpF. A high speed active rectifier in- 
side the UCC39421 charges the pump capacitor from the 
CP pin. The charge pump voltage will be: 


Table II. Selecting Synchronous Rectifier Based on Topology and Output Voltage 


Topology 

VOUT 

Synchronous Rectifier 

Boost 

3.0 < V < 8.0 

P-channel (low voltaqe loqic) 

V < 4.0 

N-channel (low voltage logic) 

Note: Requires a diode and a capacitor for the charqe pump 

Flyback 

2.5 < V < 3.0 

N-channel (low voltage logic) 

Note: Requires a diode and a capacitor for the charqe pump 

3.0 < V < 8.0 

N-channel (low voltaqe loqic) 

SEPIC 

3.0 < V < 8.0 

P-channel (low voltage logic) 



Figure 4. Application diagram for the boost topology using an N-channel synchronous rectifier. 
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VpUMP = 2 • V(DUT ( 4 ) 

For a block diagram of the charge pump logic, refer to Fig 
12 . 

Note: A charge pump should not be used at output volt- 
ages over 4.0V to avoid pump voltages exceeding 8V. 

For other applications, where the charge pump is not re- 
quired, the CP pin should be grounded and the VPUMP 
pin should be connected to either Vqut or V !N , whichever 
is greater. 

Boost Using N & P Channel MOSFETs 

For output voltages greater than the input and greater 
than about 3.0V, a P-channel MOSFET may be used for 
the synchronous rectifier. This configuration is shown in 
Fig 5. In this case, the VPUMP pin should be connected 
to Vout- This configuration can be used for a 3.3V output 
if a low voltage logic MOSFET is used. 


Relating Peak Inductor Current to Average Output 
Current for the Boost Converter 


For a continuous mode boost converter, the average out- 
put current is related to the peak inductor current by the 
following: 


tpEAK - 


Iqut 

lO-D)J 



(5) 


where D is the duty cycle and the inductor ripple current, 
dl, is defined as: 

_ tpN * Yin _ D *Vin (6) 

L f*L 

where f is the switching frequency and L is the inductor 
value. The duty cycle is defined as: 




Figure 5. Application diagram for the boost topology using a P-channel synchronous rectifier. 
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Figure 6 . Application diagram for the flyback topology using an N-channel synchronous rectifier \ 


Substituting equations (6) and (7) into equation (5) 
yields: 



Note: In these equations, the voltage drop across the rectifier 
has been neglected. 

Flyback Topology Using N-Channel MOSFETs 

A flyback converter using the UCC39421 is shown in 
Fig 6. It uses a standard two-winding coupled inductor 


with a 1:1 turns ratio. The advantage of this topology is 
that the output voltage can be greater or less than the in- 
put voltage, as shown in Table 1. For example, this is 
ideal for generating 3.3V from a Lithium-Ion cell. Note 
that RC snubbers are placed across the primary and sec- 
ondary windings to reduce ringing due to leakage induc- 
tance. These are optional, and may not be required in 
the application. 

Note that for flyback converters where Vin and Vqut may 
both be below 3V, a charge pump is needed to provide 
adequate gate drive. This is illustrated in the example if 
Fig. 7. 
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Relating Peak Inductor Current to Average Output 
Current for the Flyback Converter 

For a continuous mode flyback converter, the average 
output current is related to the peak inductor current by 
the following: 



Where D is the duty cycle and the inductor ripple current, 
dl, is defined as: 

di _ tc>N • Yin _ D*Vin (10) 

L f*L 


Where f is the switching frequency and L is the inductor 
value. The duty cycle is defined as: 


D = 


1-^1 


(id 


Substituting equations (10) and (11) into equation (9) 
yields: 



Figure 7 shows an example of a flyback converter where 
both V| N and Vout may be quite low in voltage. In this 
case, a diode has been added to peak detect the voltage 
on the drain of the charge FET and use it for the pump 
input voltage. This is used to drive the gates of the FETs. 
To assure that the pump voltage will be used (rather than 
Vin, which may be low), resistor Rbias has also been 
added to the ISENSE input to inhibit LP mode. This tech- 
nique is discussed further in the section about Changing 
the Low Power Threshold. 
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SEPIC Topology Using N & P Channel MOSFETs 

The UCC39421 may also be used in the SEPIC (Single 
Ended Primary Inductance Converter) topology. This to- 
pology, which is similar to the flyback, uses a capacitor to 
aid in energy transfer from input to output. This configura- 
tion is shown in Fig 8. The N-channel synchronous recti- 
fier has been changed to a P-channel and moved to the 
other end of the inductor’s secondary winding, and a new 
capacitor has been placed across the dotted ends of the 
two windings. The SEPIC topology offers the same ad- 
vantage of the flyback in that it can generate an output 
voltage that is greater or less than the input voltage. 


However it also offers improved efficiency. Although it re- 
quires an additional capacitor in the power stage, it 
greatly reduces ripple current in the input capacitor and 
improves efficiency by transferring the energy in the leak- 
age inductance of the coupled inductor to the output. 
This also provides snubbing for the primary and second- 
ary windings, eliminating the need for RC snubbers. Note 
that the capacitor must have low ESR, with sufficient rip- 
ple current rating for the application. Another advantage 
of the SEPIC is that the inductors don’t have to be on the 
same core. 
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PWM Duty Cycle and Slope Compensation 

All boost and flyback converters using peak current 
mode control are susceptible to a phenomenon known as 
sub-harmonic oscillation when operated in the continu- 
ous conduction mode beyond 50% duty cycle. Continu- 
ous conduction mode (CCM) means that the inductor 
current never goes to zero during the switching cycle. For 
a CCM boost converter, the required duty cycle for a 
given input and output voltage (neglecting voltage drops 
across the MOSFET switches) is given by equation (7). 
This is shown graphically for a number of common output 
voltages in Fig 9. For example, it can be seen that for a 
3.3V output (using the boost topology) slope compensa- 
tion will not be required because the duty cycle will never 
exceed 50%. 

For the flyback topology, using a coupled inductor with a 
1:1 turns ratio, the duty cycle is defined by equation (11). 
This is shown graphically for a number of common output 
voltages in Fig. 10. 

To prevent sub-harmonic oscillation beyond 50% duty cy- 
cle, a technique called slope compensation is used, 
which modifies the slope of the current ramp. This is ac- 
complished by adding a part of the timing ramp to the 
current sense input. In the UCC39421 this can be done 
by simply adding a resistor in series with the ISENSE in- 
put. A current is sourced within the 1C which is propor- 
tional to the internal timing ramp voltage. The value of the 
resistor will determine the amount of slope compensation 
added. 



Figure 9. Duty cycle of CCM boost converter as a 
function of input and output voltage. 


The slope compensation output current at the ISENSE 
pin is equal to: 

I slope = 7 -r- A / p sec ^ 

h t 

where Rj is the timing resister in Ohms ( Q i), The required 
slope compensation resistor for a boost configuration is 
given by: 

(Your - 2 • V/N( min) ) * R SENSE * ( 1 4 ) 

H SLOPE = £ 

where Rsense is the current sense resistor value in 
Ohms (£ 2 ) and L is the inductor value in microHenries 
(laH), For a flyback topology, using a 1:1 turns ratio, the 
equation becomes: 

_ (Your - V IN( min) ) * R SENSE * R T 0 5 ) 
H SLOPE ~ £ 

If the converter is operated in the discontinuous conduc- 
tion mode (inductor current drops to zero), no slope com- 
pensation is required. The point at which this mode 
boundary occurs is a function of switching frequency, in- 
put voltage, output voltage, load current and inductor 
value. However, in general the converter will be more effi- 
cient when operated in the continuous conduction mode 
due to the lower peak currents. 



function of input and output voltage . 
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Voltage Mode Control 


Start Up 


The UCC39421 can be operated as a voltage mode con- 
troller by connecting a 5.6k resistor from the ISENSE pin 
to ground. The internal current source will generate an 
artificial ramp voltage on this input. In this case, no slope 
compensation is required, and no current sense resistor 
is required in series with the source of the N-channel 
MOSFET. A typical application diagram is shown in Fig 
11. However, in this configuration there will be no 
overcurrent protection. In addition, the Pulse and Low 
Power modes, designed to increase efficiency at light 
loads, will operate at different load currents. This is be- 
cause the internal error amplifier’s output voltage is no 
longer a direct function of load current, but rather of duty 
cycle. When operating in CCM, the duty cycle is largely a 
function of input and output voltage, not load current. At 
light enough loads however, the converter will go into dis- 
continuous mode and the error amplifier voltage will drop 
low enough to activate the Low Power and Pulse modes. 


The UCC39421 incorporates a unique feature to help it 
start-up at low input voltages. If the input voltage is below 
2.5V at start-up, a separate control circuit takes over until 
Vout or Vpump gets above 2.5V. In this mode, the charge 
MOSFET is turned on for 5jusec, or until the voltage on 
the ISENSE pin reaches 36mV, whichever occurs first. 
The charge MOSFET then remains off for a fixed time of 
2.5jisec, and the body diode of the synchronous rectifier 
MOSFET is used to supply current to the output. This cy- 
cle repeats until either Vqut or V P ump exceec| s 2.5V. 
This results in constant off time control, with a minimum 
switching frequency of approximately 120kHz. During this 
low voltage start-up mode, all other internal circuitry is 
off, including the synchronous rectifier drive and the 
slope compensation current source. The peak inductor 
current during this mode is limited to: 


I PEAK ~ 


.036 

R SENSE 


(13) 
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Figure 12. Simplified diagram of low voltage start-up and charge pump control logic. 


If input voltages below 2.5 V are expected, it is important 
to use a low voltage logic N-channel MOSFET (with a 
threshold voltage around IV or less) to guarantee 
start-up at full load. 

A block diagram of the low voltage start-up logic is shown 
in Fig 12. 

Anti Cross-Conduction and Adaptive Synchronous 
Rectifier Commutation Logic 

When operating in the continuous conduction mode 
(CCM), the charge MOSFET and the synchronous recti- 
fier MOSFET are simply driven out of phase, so that 
when one is on the other is off. There is a built-in time 
delay of about 30nsec to prevent any cross-conduction. 

In the event that the converter is operating in the discon- 
tinuous conduction mode (DCM), the synchronous recti- 
fier needs to be turned off sooner, when the rectifier 
current drops to zero. Otherwise, the output will begin to 
discharge as the current reverses and goes back through 
the rectifier to the input. (This obviously cannot happen 
when using a conventional diode rectifier). To prevent 
this, the UCC39421 incorporates a high speed compara- 
tor which senses the voltage on the synchronous rectifier 
(using the RSEN input) for purposes of commutation. In 


the boost and SEPIC topologies, the synchronous recti- 
fier is turned off when the voltage on the RSEN pin goes 
negative with respect to Vout- For this reason it is impor- 
tant to have the Vout pin well decoupled. 

In the flyback topology however (using a ground refer- 
enced N-channel MOSFET rectifier), the rectifier voltage 
is sensed on the MOSFET drain, with respect to ground 
rather than Vout- The voltage polarity in this case is op- 
posite that of the boost and SEPIC topologies. This prob- 
lem is solved with the adaptive logic within the 
UCC39421 . During each charge cycle, while the 
N-channel charge FET is on, a latch is set if the voltage 
on the RSEN pin exceeds V| N /2. This indicates a flyback 
topology, since this node will be equal to or greater than 
Vin at this time. In the case of the boost and the SEPIC, 
the voltage at the RSEN input will be near or below 
ground, and the latch will not be set. This allows the 
UCC39421 to sense which topology is in use and adapt 
the synchronous rectifier commutation logic accordingly. 
Note that the RSEN input must have a series resistor to 
limit the current when going below ground. Values less 
than or equal to 1 k are recommended to prevent time de- 
lay due to stray capacitance. 
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Current Sense Amplifier and Leading Edge Blanking 

The UCC39421 includes a high speed current sense am- 
plifier with a nominal gain of 10 to minimize losses asso- 
ciated with the current sense resistor. The amplifier was 
designed to provide good response and minimal propa- 
gation delay, allowing switching frequencies over 2MHz. 
The current sense resistor should be chosen to provide a 
maximum peak voltage of lOOmV at full load, with the 
minimum input voltage. 

A leading edge blanking time of 40nsec is provided to fil- 
ter out leading edge spikes in the current sense wave- 
form. In most applications, this will eliminate the need for 
a filter cap on the ISENSE pin. 

Overcurrent Protection 

The UCC39421 includes a peak current limit function. If 
the voltage on the ISENSE pin exceeds 0.15V after the 
initial blanking period, the pulse will be terminated and 
the charge MOSFET will be turned off. 

Sync/Shutdown Input 

The SYNC/SD pin has two functions; it may be used to 
synchronize the UCC3942TS switching frequency to an 
external clock, or to shutdown the 1C entirely. In shut- 
down, the quiescent current is reduced to just a few 
microamps. 

To synchronize the internal clock to an external source, 
the SYNC/SD pin must be driven high, above 2.0 V mini- 
mum. The circuitry syncs to the rising edge of the input, 
the pulse width is not critical. 

To shutdown the converter, the SYNC/SD pin must be 
held high (above 2.0V) for a minimum of 20|isec. 


This pin should be grounded if not used. 

Changing the Low Power Mode Threshold 

For some applications the user may want to lower the 
Low Power (LP) mode threshold, or even eliminate this 
feature altogether. For example, if a boost topology is be- 
ing used, and the input voltage is below 2.5V, the gate 
drive to the charge FET may want to be derived from the 
pump (or output) voltage under all load conditions, rather 
than from Vin- This means the converter would never be 
allowed to operate in LP mode. 

Although the LP mode threshold is internally fixed at 
0.5V (referenced to the COMP pin), the point at which 
the LP mode is entered can be easily modified by adding 
a single resistor, as shown in Fig 13. Resistor Rbias 
forms a divider with Rslope (used for slope compensa- 
tion) and adds a DC offset to the current sense input, 
raising the output voltage of the sense amplifier and 
“fooling” the LP mode comparator into thinking the load is 
higher than it is. The required bias resistor to transition 
out of LP mode for a given peak current can be calcu- 
lated using the following equation: 

p Rslope • Vqut (14) 

BIAS r\ r\ p / « q 

U.U d-lp EAK •n SENSE 

Due to the current sense amplifier gain of 10 and the in- 
ternal offset of 300mV, an offset of just 20mV or more at 
the ISENSE pin will inhibit LP mode altogether. Note that 
inhibiting LP mode does not prevent PFM from working, 
as long as the PFM pin is set to a voltage higher than: 

(10* V /SENSE ) + 0 .3 1/ (15) 



UDG-98213 


Figure 13. Modifying Low Power (LP) mode threshold. 
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Figure 14. Changing the PWM frequency. 
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Figure 15. Non-synchronous 12V boost efficiency. 
(f=550KHz, L=6.8\xH DT3316P-682, IRF7601, 
MBR0530, VPFM=0.5V) 



Figure 16. Non-synchronous boost converter for higher output voltages. 
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Programming the PWM Frequency 

Some applications may want to remain in a fixed fre- 
quency mode of operation, even at light load, rather than 
going into PFM mode. This lowers efficiency at light load. 
One way to improve the efficiency while maintaining fixed 
frequency operation is to lower the PWM frequency un- 
der light load conditions. This can be easily done, as 
shown in Fig 14. By adding a second timing resistor and 
a small MOSFET switch, the host can switch between 
two discrete frequencies at any time. 

Non-Synchronous Boost for Higher Output Voltage 
Applications 

The UCC39421 can also be used in a non-synchronous 
application to provide output voltages greater than 8 volts 
from low voltage inputs. An example of a 12V boost ap- 
plication is shown in Fig 16. Since none of the 1C pins are 
exposed to the boosted voltage, the output voltage is lim- 
ited only by the ratings of the external MOSFET, rectifier 
and filter capacitor. At these higher output voltages, good 
efficiency is maintained since the rectifier drop is small 
compared to the output voltage. Note that PFM mode 
can still be used to maintain high efficiency at light load. 
Typical efficiency causes are shown in Fig. 15. 

Since all the power supply pins (VIN, VOUT, VPUMP) op- 
erate off the input voltage, it must be >2.5V and high 
enough to assure proper gate drive to the charge FET. 

UCC39422 Features 

The UCC39422 is a 20 pin device which adds a reset 
function and an uncommitted comparator to the 
UCC39421. A simplified diagram of the reset circuit is 
shown in Fig 17. 


The reset circuit monitors the voltage at the feedback 
(FB) pin and issues a reset if the feedback voltage drops 
below 1.175V. This represents a 6% drop in output volt- 
age. Monitoring the voltage internally at the FB pin elimi- 
nates the need for another external voltage divider. The 
RESET output is an open drain output which is active low 
during reset. It stays low until the feedback voltage is 
above 1.175V for a period of time called the reset pulse 
width, which is user programmable. An external capacitor 
on the RSADJ pin and an internal IpA current source de- 
termine the reset pulse width, according to the following 
equation: 

Preset =Creset *1-1 8 (16) 

where tRESET is the reset pulse width in seconds, and 
Preset is the capacitor value in microFarads (pF). 

An adaptive glitch filter is included to prevent nuisance 
trips. This is implemented using a gm amplifier to charge 
an 8pF capacitor to 1 .175V before declaring a reset. This 
provides a delay which is inversely proportional to the 
magnitude of the feedback voltage error. The delay time 
is approximated by the following equation: 

. 0.25 (17) 

t DELAY = . „ — pSeC 1 ' 

1.175 - V FB 

where tpELAY is the filter delay time in microseconds. 
Note that the maximum current from the gm amplifier is 
limited to 2pA, limiting the minimum time delay to 
4.8psec. 



Figure 17. Reset circuitry. 
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APPLICATION INFORMATION (cont.) 

A typical application schematic using the UCC39422 is 
shown in Fig. 18. In this example, R1 and R2 have been 
sleeted to trip the LO WBAT o utput when V| N drops below 
2.0 V. Note that the RESET and LOWBAT outputs are 
open drain and require a pullup. 

Selecting the Inductor 

The inductor must be chosen based on the desired oper- 
ating frequency and the maximum load current. Higher 
frequencies allow the use of lower inductor values, re- 
ducing component size. Higher load currents will require 
larger inductors with higher current ratings and less wind- 
ing resistance to minimize losses. The inductor must be 
rated for operation at the highest anticipated peak cur- 
rent. Refer to equations (8) and (12) to calculate the peak 
inductor current for a boost or flyback design, based on 
V|n, Vout> maximum load, frequency and inductor value. 


Some manufacturers rate their parts for maximum en- 
ergy storage in micro-Joules (pJ). This is expressed by: 

E =05 *L • Ipea K Z (18) 

where E is the required energy rating in micro-Joules. L 
is the inductor value in microHenries (pH) (with current 
applied), and Ipeak is the peak current in amps that the 
inductor will see in the application. Another way in which 
inductor ratings are sometimes specified is the maximum 
volt-seconds applied. This is given simply by: 

ExT - V in'D (19) 

f 

where ET is the required rating in V-psec, D is the duty 
cycle for a given V !N and Vqut> and f is the switching fre- 
quency in MHz. Refer to equations (7) and (1 1) to calcu- 
late the duty cycle for a CCM boost or flyback converter. 
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APPLICATION INFORMATION (cont.) 

Table III. SMT commercial inductor manufacturers. 


Coilcraft Inc. (800) 322-2645. 

1102 Silver Lake RD, Cary, IL 60013 

Coiltronics Inc. (407)241-7876 

6000 Park of Commerce Blvd, Boca Raton, FL 33487 

Dale Electronics, Inc. (605) 665-9301 

East Highway 50, Yankton, SD 57078 

Pulse Engineering Ltd. (204) 633-4321 

300 Keewatin Street, Winnipeg, MB R2X 2R9 

Sumida Voice (65) 296-3388 Fax (65) 293-3390 
Block 996, Bendemeer Rd., #04-05/06 Singapore 33944 
BH Electronics (61 2) 894-9590 

12219 Wood Lake Drive, Burnsville, MN 55337 

Tokin America Inc. (408) 432-8020 

155 Nicholson Lane, San Jose CA 95134 


In any case, the inductor must use a low loss core de- 
signed for high frequency operation. High frequency fer- 
rite cores are recommended. Some manufacturers of 
off-the-shelf surface mount designs are listed in Table III. 
For flyback and SEPIC topologies, use a two winding 
coupled inductor. SEPIC designs can also use two dis- 
crete inductors. 

Selecting the Filter Capacitor 

The input and output filter capacitors must have low ESR 
and low ESL. Surface mount tantalum, OSCON or 
multi-layer ceramics (MLC’s) are recommended. The ca- 
pacitor selected must have the proper ripple current rat- 
ing for the application. Some recommended capacitor 
types are listed in Table IV. 


Table IV. Recommended SMT Filter Capacitors 


Manufacturer 

Part Number 

Features 

AVX 

TPS series 

Low ESR tantalum 

Kemet 

T410 series 

Low ESR tantalum 

Mu rata 

GRM series 

Low ESR ceramic 

Sanyo 

OSCON series 

Low ESR organic 

Sprague 

591 D series 

Low ESR, low profile 
tantalum 

594D series 

Low ESR tantalum 

Tokin 

Y5U, Y5V Type 

Low ESR ceramic 


Circuit Layout and Grounding 

As with any high frequency switching power supply, cir- 
cuit layout, hookup and grounding are critical for proper 
operation. Although this may be a relatively low power, 
low voltage design, these issues are still very important. 
The MOSFET turn-on and turn-off times necessary to 
maintain high efficiency at high switching frequencies of 
1MHz or more result in high dv/dt and di/dt’s. This makes 
stray circuit inductance especially critical. In addition, the 
high impedances associated with low power designs, 


such as in the feedback divider, make them especially 
susceptible to noise pickup. 

Layout 

The component layout should be as tight as possible to 
minimize stray inductance. This is especially true of the 
high current paths, such as in series with the MOSFETs 
and the input and output filter caps. 

The components associated with the feedback, compen- 
sation and timing should be kept away from the power 
components (MOSFETs, inductor). Keep all components 
as close to the 1C pins as possible. Nodes that are espe- 
cially noise sensitive are the FB and RT pins. Other sen- 
sitive pins are COMP and PFM. 

Grounding 

A ground plane is highly recommended. The PGND pin 
of the UCC39421 should be close to the grounded end of 
the current sense resistor, the input filter cap, and the 
output filter cap. The GND pin should be close to the 
grounded end of the RT resistor, the feedback divider re- 
sistor, the ISENSE cap (if used), and the compensation 
network. 

MOSFET Gate Resistors 

The UCC39421 includes low impedance CMOS output 
drivers for the two external MOSFET switches. The 
CHRG output has a nominal resistance of 4Q, and the 
RECT has a nominal resistance of 2Q. For high fre- 
quency operation using low gate charge MOSFETs, no 
gate resistors are required. To reduce high frequency 
ringing at the MOSFET gates, low value series gate re- 
sistors may be added. These should be non-inductive re- 
sistors, with a value of 2Q to 10Q, depending on the 
frequency of operation. Lower values will result in better 
switching times, improving efficiency. 

Minimizing Output Ripple and Noise Spikes 

The amount of output ripple will be determined primarily 
by the type of output filter capacitor and how it is con- 
nected in the circuit. In most cases, the ripple will be 
dominated by the ESR (Equivalent Series Resistance) 
and ESL (Equivalent Series Inductance) of the cap, 
rather than the actual capacitance value. Low ESR and 
ESL capacitors are mandatory in achieving low output 
ripple. Surface mount packages will greatly reduce the 
ESL of the capacitor, minimizing noise spikes. To further 
minimize high frequency spikes, a surface mount ceramic 
capacitor should be placed in parallel with the main filter 
cap. For best results, a capacitor should be chosen 
whose self-resonant frequency is near the frequency of 
the noise spike. For high switch frequencies, ceramic ca- 
pacitors alone may be used, reducing size and cost. 
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APPLICATION INFORMATION (cont.) 

For applications where the output ripple must be ex- 
tremely low, a small LC filter may be added to the output. 
The resonant frequency should be below the selected 
switching frequency, but above that of any dynamic loads. 
The filter’s resonant frequency is given by: 


Ires - 


1 

2WL*C 


( 20 ) 


Where f is the frequency in Hz, L is the filter inductor 
value in Henries and C is the filter capacitor value in 
Farads. It is important to select an inductor rated for the 
maximum load current and with minimal resistance to re- 


duce losses. The capacitor should be a low impedance 
type, such as a tantalum. 

If an LC ripple filter is used, the feedback point can be 
taken before or after the filter, as long as the filter’s reso- 
nant frequency is well above the loop crossover fre- 
quency. Otherwise the additional phase lag will make the 
loop unstable. The only advantage to connecting the 
feedback after the filter is that any small voltage drop 
across the filter inductor will be corrected for in the loop, 
providing the best possible voltage regulation. However, 
the resistance of the inductor is usually low enough that 
the voltage drop will be negligible. 
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Microprocessor Supervisor with Watchdog Timer 


PRELIMINARY 


FEATURES 

• Fully Programmable Reset Threshold 

• Fully Programmable Reset Period 

• Fully Programmable Watchdog Period 

• 2% Accurate Reset Threshold 

• VDD Can Go as Low as 2 V 

• 1 5jllA Maximum I DD 

• Reset Valid Down to IV 


DESCRIPTION 

The UCC3946 is designed to provide accurate microprocessor supervi- 
sion, including reset and w atchdog functions. During power up, the 1C 
asserts a reset signal RES with VDD as low as IV. The reset signal re- 
mains asserted until the VDD voltage rises and remains above the re- 
set threshold for the reset period. Both reset threshold and reset period 
are programmable b y the user. The 1C is also resistant to glitches on 
the VDD line. Once RES has been deasserted, any drops below the 
threshold voltage need to be of certain time duration and voltage mag- 
nitude to generate a reset signal. These values are shown in Figure 1. 
An I/O line of the microprocessor may be tied to the watchdog input 
(WDI) for watchdog functions. If the I/O line is not to ggled within a set 
watchdog period, programmable by the user, WDO will be asserted. 
The watchdog function will be disabled during reset conditions. 

The UCC3946 is available in 8-pin SOIC(D), 8-pin DIP (N or J) and 
8-pin TSSOP(PW) packages to optimize board space. 


BLOCK DIAGRAM 


VDD 



Note: Pinout represents the 8-pin TSSOP package. 
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ABSOLUTE MAXIMUM RATINGS 


ViN 10V 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of the Databook for thermal limita- 
tions and considerations of packages. 


CONNECTION DIAGRAM 

SOIC-8, TSSOP-8, DIL-8 (Top View) 
D, PW, N or J Package 



ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VDD = 2.1V to 5.5V for UCC1946 and UCC2946; 

VDD = 2V to 5.5V for UCC3946; TA = 0°C to 70°C for UCC3946, -40°C to 85°C for UCC2946, and -55°C to 125°C for UCC1946; 
Ta = Tj 


PARAMETERS 

TEST CONDITIONS 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 



UCC3946 

UCC1946 & UCC2946 

Operating Voltage 


2 


5.5 

2.1 


5.5 

V 

Supply Current 



10 

15 


12 

18 

pA 

Minimum VDD 

(Note 1) 



1 



1.1 

V 

Reset Section 

Reset Threshold 

VDD Rising 

1.21 

1.235 

1.26 

1.15 

1.235 

1.26 

V 

Threshold Hysteresis 



15 



15 


mV 

Input Leakage 




5 



5 

nA 

Output High Voltage 

Isource = 2mA 

Vdd - 
0.3 



Vdd- 

0.3 



V 

Output Low Voltage 

Isink = 2mA 



0.1 



0.1 

V 

VDD = IV, Isink = 20uA 



0.3 



0.6 

V 

VDD to Output Delay 

VDD = -1 mV/ps (Note 2) 


120 



120 


ps 

Reset Period 

Cres = 64nF 

160 

200 

260 

140 

200 

320 

ms 

Watchdog Section 

WDI Input High 


0.7- 

Vdd 



0.7- 

Vdd 



V 

WDI Input Low 




0.3- 

Vdd 



0.3- 

Vdd 

V 

Watchdog Period 

Cwd = 64nF 

1.12 

1.60 

2.08 

0.96 

1.60 

2.56 

s 

Watchdog Pulse Width 


50 



50 



ns 

Output High Voltage 

Isource = 2mA 

Vdd - 
0.3 



Vdd - 
0.3 



V 

Output Low Voltage 

Isink = 2mA 



0.1 



0.1 

V 


Note 1: This is the minimum supply voltage where RES is considered valid. 
Note 2: Guaranteed by design. Not 100% tested in production. 
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PIN DESCRIPTIONS 

GND: Ground reference for the 1C. 

RES: This pin is high only if the voltage on the RTH has 
risen above 1 .235 V. Once RTH rises above the threshold, 
this pin remains low for the reset period. This pin will also 
go low and remain low if the RTH voltage dips below 
1 .235V for an amount of time determined by Figure 1 . 

RTH: This input compares its voltage to an internal 1 .25 V 
reference. By using external resistors, a user can pro- 
gram any reset threshold he wishes to achieve. 

RP: This pin allows the user to program the reset period 


by adjusting an external capacitor. 

VDD: Supply voltage for the 1C. 

WDI: This pin is the input to the watchdog timer. If this 
pin is not toggled or strobed within the watchdog period, 
WDO is asserted. 

WDO: This pin is the watchdog output. This pin will be 
asserted low if the WDI pin is not strobed or toggled 
within the watchdog period. 

WP: This pin allows the user to program the watchdog 
period by adjusting an external capacitor. 


APPLICATION INFORMATION 

The UCC3946 supervisory circuit provides accurate re- 
set and watchdog functions for a variety of microproces- 
sor applications. The reset circuit prevents the 
microprocessor from executing code during undervoltage 
conditions, typically during power-up and power-down. In 
order to prevent erratic operation in the presence of 
noise, voltage “glitches” whose voltage amplitude and 
time duration are less than the values specified in Figure 
1 are ignored. 

The watchdog circuit monitors the microprocessor’s ac- 
tivity, if the microprocessor does not toggle WDI during 
the programmable watchdog period WDO will go low, 
alertin g the microprocessor’s interrupt of a fault. The 
WDO pin is typically connected to the non-maskable in- 
put of the microprocessor so that an error recovery rou- 
tine can be executed. 



Figure 1. 

Overdrive Voltage vs. Delay to Output Low on RESB 


Slew rate: -1 V/mS; Monitored Voltage = Vdd 


Programming the Reset Voltage and Reset Period 


The UCC3946 allows the reset trip voltage to be pro- 
grammed with two external resistors. In most applications 
VDD is monitored by the reset circuit, however, the de- 
sign allows voltages other than VDD to be monitored. Re- 
ferring to Figure 2, the voltage below which reset will be 
asserted is determined by: 


V reset =1.235* 


R1 + R2 
R2 


In order to keep quiescent currents low, resistor values in 
the megaohm range can be used for R1 and R2. A man- 
ual reset can be easily implemented by connecti ng a m o- 
mentary push switch in parallel with R2. RES is 
guaranteed to be low with VDD voltages as low as IV. 

Once VDD rises above the programmed threshold, RES 
remains low for the reset period defined by: 

Trp = 3.125 •Crp 

where Trp is time in milliseconds and Crp is capacitance 
in nanofarads. Crp is charged with a precision current 
source of 400nA, a high quality, low leakage capacitor 
(such as an NPO ceramic) should be used to maintain 
timing tolerances. Figure 3 illustrates the voltage levels 
and timings associated with the reset circuit. 

Programming the Watchdog Period 

The watchdog period is programmed with Cwp as fol- 
lows: 


Twp = 25 •Cwp 

where Twp is in milliseconds and Cwp is in nanofarads. A 
high quality, low leakage capacitor should be used for 
Cwp. The watchdog input WDI must be toggled with a 
high/low or low/h igh transition within the watchdog period 
to prevent WDO from assuming a logic level low. WDO 
will m aintain the low logic level until WDI is toggl ed or 
RES is asserted. If at any time RES is asserted, WDO 
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will assume a high logic state and the watchdog period 
will be reinitiated. Figure 4 illustrates the timings associ- 
ated with the watchdog circuit. 

Connecting WDO to RES 

In order to provide design flexibility, the reset and watch- 
dog circuits in the UCC3946 have separate outputs. Each 
output will independently drive high or low, depending on 
circuit conditions explained previously. 

In so me appli cations, it may be desirable for either the 
RES or WDO to re set the microp rocessor. This can be 
done by connecting WDO to RES. If the pins try to drive 
to different output levels, the low output level will domi- 
nate. Additional current will flow from VDD to GND during 
these states. If the application c annot sup port ad ditional 
current (during fault conditions), RES and WDO can be 


UCC1946 

UCC2946 

UCC3946 

connected to the inputs of an OR gate whose output is 
connected to the microprocessor’s reset pin. 

Layout Considerations 

A 0.1 jllF capacitor connected from Vdd to GND is recom- 
mended to decouple the UCC3946 from switching tran- 
sients on the Vdd supply rail. 

Since RP and WP are precision current sources, capaci- 
tors Grp and Cwp should be connected to these pins 
with minimal trace length to reduce board capacitance. 
Care should be taken to route any traces with high volt- 
age potential or high speed digital signals away from 
these capacitors. 

Resistors R1 and R2 generally have a high ohmic value, 
traces associated with these parts should be kept short 
in order to prevent any transient producing signals from 
coupling into the high impedance RTH pin. 


VDD 



Note: Pinout represents the 8-pin TSSOP package. 


UDG-98002 


Figure 2. Typical Application Diagram 
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APPLICATION INFORMATION (cont.) 


UCC1946 

UCC2946 

UCC3946 



Vdd 

MONITORED 
BY RT 0 



PROGRAMMED 

S threshold 


tl t2 t3 

tl: Vdd > IV, RES is guaranteed low. 


RES remains high. 


t2: Vdd > programmed threshold, RES remains low for t5: Voltage glitch occurs who se ma gnitude and duration 
Trp. is greater than the RTH filter, RES is asserted for Trp. 

t3: Trp expires, RES pulls high. t6: Vdd dips below threshold (minus hysteresis), RES 

t4: Voltage glitch occurs, but is filtered at the RTH pin, ' s asserte ^. 


Figure 3. Reset Circuit Timings 



tl t2 t3 t4 


t8 t9 tIO til 


tl 2 tl 3 tl 4 


tl : Microprocessor is reset. 

t2: WDI is toggled some time after reset, but before 
Twp expires. 

t3: WDI is toggled before Twp expires. 
t4: WDI is toggled before Twp expires. 

t5: WDI is not toggled before Twp expires and WDO as- 
serts low, triggering the microprocessor to enter an er- 
ror recovery routine. 

t6: The microprocessor’s error recovery routine is exe- 
cuted and WDI is toggled, reinitiating the watchdog 
timer. 


t7: WDI is toggled before Twp expires. 
t8: WDI is toggled before Twp expires. 

t9: RES is momentarily triggered, RES is asserted low 
for Trp. 

tl 0: Microprocessor is reset, RES pulls high. 

til: WDI is toggled some time after reset, but before 
Twp expires. 

tl 2: WDI is toggled before Twp expires, 
tl 3: WDI is toggled before Twp expires. 

T14: Vdd dips below the reset threshold, RES is as- 
serted. 


UNITRODE CORPORATION 
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Figure 4. Watchdog Circuit Timings 
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UCC3954 

PRELIMINARY INFORMATION 


y 

UIMITRODE 

Single Cell Lithium-Ion to +3.3V Converter 


FEATURES DESCRIPTION 


• Converts Lithium-Ion Cell to 
+3.3V at 700mA Load 
Current 

• Load Disconnect in 
Shutdown 

• High Efficiency Flyback 
Operation 

• Internal 0.150 Switch 


The UCC3954, along with a few external components, develops a regulated +3.3V 
from a single lithium-ion battery whose terminal voltage can vary between 2.5V and 
4.2V. The UCC3954 employs a simple flyback (Buck-Boost) technique to convert the 
battery energy to +3.3V. This is accomplished by referencing the lithium-ion cell’s 
positive terminal to system ground. The negative terminal of the battery is the return 
point for the UCC3954. This approach enables the converter to maintain constant fre- 
quency operation whether the cell voltage is above or below the output voltage. An 
additional benefit of this technique is its inherent ability to disconnect the battery from 
the load in shutdown mode. 


• Low Battery LED Driver 

• Internal 2A Current Limit 

• Internal 200kHz Oscillator 

• 8 Pin D, N, 14 Pin PW 
Packages 


The UCC3954 operates as a fixed 200kHz switching frequency voltage mode flyback 
converter. The oscillator time base and ramp are internally generated by the 
UCC3954 and require no external components. A 2A current limit for the internal 
0.1 50 . power switch provides protection in the case of an output short circuit. When 
left open, an internal lOOkQ resistor pulls the SD pin to BAT-, which puts the 
UCC3954 in shutdown mode, and thereby reduces power consumption to sub-pA lev- 
els. A low battery detect function will drive the LOWBAT pin low (minimum of 5mA 
sink current) when the battery has been discharged to within 200mV of the prede- 
fined lockout voltage. The LOWBAT pin is intended for use with an external LED to 
provide visual warning that the battery is nearly exhausted. The lockout mode is acti- 
vated when the battery is discharged to 2.55V. In lockout mode, the part consumes 
15pA. Once the UCC3954 has entered lockout mode, the user must insert a fresh 
battery whose open circuit voltage is greater than 3.1V. This prevents a system-level 
oscillation of the lockout function due to the lithium-ion battery’s large equivalent se- 
ries resistance. 


Additional features of the UCC3954 include a trimmed -1.1V reference and internal 
feedback scaling resistors, a precision error amplifier, low quiescent current drain in 
shutdown mode, and a softstart function. The UCC3954 is offered in the 8 pin D, 
14 pin PW (surface mount), and N (through hole) packages. 


BLOCK DIAGRAM 


BAT + 



COMP LOWBAT SD UDG-96137-i 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (BAT+ to BAT-) 4.5V 

VOUT 

Maximum Forced Voltage (ref. to BAT+) 5.5V 

SWITCH 

Maximum Forced Voltage (ref. to BAT-) 10.2V 

Maximum Forced Current Internally Limited 

SD 

Maximum Forced Voltage (ref. to BAT+) 5.5V 

Maximum Forced Current 10mA 

COMP 

Maximum Forced Voltage (ref. to BAT-) 4.5V 

Maximum Forced Current Self Limiting 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


Unless otherwise indicated, voltages are reference to BAT- 
and currents are positive into, negative out of the specified ter- 
minal. Pulsed is defined as a less than 10% duty cycle with a 
maximum duration of 500[is. Consult Packaging Section of Da- 
tabook for thermal limitations and considerations of packages. 


CONNECTION DIAGRAMS 


DIL-8, SOIC-8 (Top View) 


D Package, N Package 



jf 


COMP \T_ 


JbT] VOUT 

VFB [T 


T]bat+ 

BAT- |T 


T]switch 

SD [T 


~s]lowbat 


SOIC-14 (Top View) 


PW Package 



W 


COMP 


14| VOUT 

VFB [T 


~T3~| PVOUT 

SGND QT 


TT] BAT+ 

bat- |T 


~TT[ SWITCH 

BAT- |~5~ 


To] SWITCH 

SD |~6~ 


~9~j LOWBAT 

N/C \T_ 


~8~j N/C 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = -20°C to 70°C for the UCC3954, SD = Vbat+ = 
3.5V (ref, to V BA t-), VOUT = 3.3 (ref, to V B at + )- T a = Tj _ ^ 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Supply 






Supply Current (total) - active 

IBAT+ + IVOUT 


1 

2 

mA 

Supply Current (BAT+)- Shutdown 

Vsdb = 0V (reference to BAT-) 


0.2 

5 

hA 

Supply Current (BAT+) -UVLO 



30 

40 

ma 

BAT+ Turn On Threshold 

With Respect to BAT+ Turnoff 

250 

300 

375 

mV 

BAT+ Turn Off Threshold 


2.35 

2.55 

2.75 

V 

Low BAT+ Indicate Threshold 

With Respect to BAT+ Turnoff 

50 

100 

325 

mV 

Error Amplifier 






Output Voltage High 

Maximum Duty Cycle, Ioh = 1 ma 

2.0 

2.4 


V 

Output Voltage Low 

Minimum Duty Cycle, Iol= Ima 

0 

0.14 

0.5 

V 

VOUT Regulation Voltage 

T a = 25°C 

3.22 

3.3 

3.38 

V 


3.20 

3.3 

3.39 

V 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = -20°C to 70°C for the UCC3954, SD = V B at+ = 
3.5V (ref, to V BA t-), VQUT = 3.3 (ref, to V BAT+ ). T a = Tj 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Oscillator/PWM 






Intital Accurancy 

T A = 25°C 

180 

200 

220 

kHz 


175 

200 

225 

kHz 

PWM Modulator Gain 

Vcomp= 1-6V to 2 V 

40 

50 

60 

%N 

PWM Maximum Duty Cycle 


65 

75 

85 

% 

PWM Minimum Duty Cycle 



3 

5 

% 

Shutdown 






Disable Threshold 

Reference to BAT- 

0.8 

1.5 

2.5 

V 

Lowbat | 

On Resistance Vlowbat = 1 V | 40 1 00 

220 | a 

Soft Start 

Rise Time 

Note 2, Rload = 33£2, Ccomp = 39nF, 

Cload = 330pF 


10 


msec 

Output Switch j 

Saturation Voltage 

■switch = 200mA 


30 

70 

mV 

Overcurrent Threshold 

Note 2 

2.0 

3.0 

3.5 

Amps 


Note 1: V BAT+ <2V to reset. 

Note 2: Guaranteed by design. Not 100% tested in production. 


PIN DESCRIPTIONS 

BAT+: Logic supply voltage for the UCC3954. Connect to 
the positive terminal of the lithium-ion battery and system 
ground. Bypass with a low ESR, ESL capacitor if located 
more than 1 inch from the battery positive terminal. This 
is also the return for the +3.3V load 

BAT-: Return for the UCC3954. Switch current flows 
through this pin to the negative terminal of the battery. 
Proper board layout precautions should be taken to 
minimize trace length in this path. 

COMP: Output of the voltage error amplifier. Loop 
compensation component Ccomp is connected between 
COMP and VFB. 

LOWBAT: An open drain output that will pull low and sink 
10mA (typ) to drive an external LED if the battery voltage 
falls below the low BAT+ warning threshold. Note that this 
output pulls low to BAT-. 

PVOUT: (PW Package only) This is the bootstrap input 
for the internal FET drive. It should be tied to the 3.3V 


output along with Vout ■ 

SD: Shutdown input for the UCC3954. An internal lOOkO ~J 
resistor pulls SD to BAT- when the circuit is left open. 

Pulling SD up to system ground (BAT+) or to Vout, starts ^ 

the UCC3954. The UCC3954 enters a lockout mode 
when a dead battery is detected (<2.55V). Until a fresh 
battery is inserted (>3.1V), the part will remain in the low 
current lockout state. 

SGND: (PW Package only) This is a separate signal 
ground pin which should be externally tied to BAT-. 

SWITCH: Drain terminal of the internal 0.1 50 power 
switch. The current into this pin is internally limited. 

VFB: This is the virtual ground of the error amplifier. 

Nominally at the same voltage as BAT+, the pin is 
provided for external compensation by means of a single 
capacitor to form a simple dominant pole. 

VOUT: Regulated 3.3V supply feedback to the UCC3954. 
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FLIP AND INVERT 



CONVENTIONAL FLYBACK UCC3954 CONVERTER 

(BUCK-BOOST) IMPLEMENTATION udg-97098 


Figure 1. Simplified Circuit Diagram 

APPLICATION INFORMATION 
Circuit Topology 

The UCC3954 uses a fixed frequency (200KHz), voltage 
mode PWM flyback topology. It can operate from a bat- 
tery input voltage that is above or below the output volt- 
age by referencing the battery’s (+) terminal to the output 
(system) ground and the battery’s (-) terminal to the IC’s 
“ground” pin. It is typically operated in the continuous 
conduction mode (CCM), except at light loads to reduce 
losses due to high peak inductor current. The simplified 
diagram in Figure 1 helps to visualize the circuit topology. 
Figure 2 illustrates the current waveforms in the major 
circuit elements. 

Only a few external components are required to develop 
a regulated 3.3V output from a single Lithium-Ion cell. A 
low ESR (Equivalent Series Resistance) and ESL 
(Equivalent Series Inductance) decoupling capacitor 
should be placed as close as possible to BAT+ and 
BAT-. This is especially important when operating at low 
battery voltages, where the peak current could cause ex- 
cessive input ripple, causing the input voltage to drop be- 
low the UCC3954’s shutdown threshold. The other parts 
required are a compensation capacitor, inductor, 
Schottky diode and output filter capacitor. The output fil- 
ter capacitor should also be a good low ESR/ESL capaci- 
tor. 

Choosing an Inductor 

The inductor value selected, for a given input voltage and 
load current, will determine if the converter is operating 
in the continuous or the discontinuous conduction mode. 
In general, the efficiency will be higher in the continuous 
mode (larger inductor value), due to the lower peak cur- 
rents. This also reduces the demands on the output filter 

7- 


capacitor and lowers output ripple voltage. However, a 
larger inductor value will also be physically larger for the 
same current rating, and reduces loop bandwidth, mak- 
ing it more difficult to compensate. For the input voltage 
range and fixed operating frequency of the UCC3954, an 
inductor value of around 33pH is a good compromise. 
See Table 1 for values and part numbers of inductors for 
specific ranges of load current. 

Remember that the inductor must be able to maintain 
most of its inductance at the peak switching current. 

Output Capacitor Selection 

To minimize output voltage ripple, a good high frequency 
capacitor(s) must be used. Low ESR tantalums or Sanyo 



Figure 2. Current Waveforms 
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Figure 3. Application Circuit Using Dominant Pole Compensation. Typical Values are Shown. 

APPLICATION INFORMATION (cont.) 

OSCON’s are recommended. Surface mounting will 
eliminate the lead inductance. Suggested values and 
part numbers for Cout at different load currents are 
given in Table 1. 

Compensation Capacitor 

For applications where the load is fairly constant, the 
loop may be compensated with a single capacitor be- 
tween COMP and VFB. The value shown in the Applica- 
tion Circuit of Figure 3 provides good stability margin 
over a wide range of load, using the values shown for LI 
and Cout- 

Lead-Lag Compensation for Dynamic Loads 

When large dynamic load transients are expected, the 
simple dominant pole compensation method may not 
provide adequate dynamic load regulation. In this case, 
lead-lag compensation is recommended, as shown in the 
application circuit of Figure 4. The addition of R1 and Cl 


in the error amp feedback loop provides significantly 
wider loop bandwidth, resulting in improved transient re- 
sponse. The optimum values of these compensation 
components will depend on a number of factors; includ- 
ing input voltage, load current, inductor value and output 
capacitance, as well as the ESR of the inductor and out- 
put capacitor. The compensation values shown in Fig- 
ure 4 will provide good loop stability and good transient 
response over the full range of input voltage and output 
load. They were chosen assuming a nominal inductor 
value of 33pH. 

Power Stage Component Selection 

Recommended values and part numbers are given in Ta- 
ble 1 for C|n, Cqut> ^ anc> D1 f° rtwo ran 9 es of load cur- 
rent. The ranges were selected based on the current 
ratings for two common surface mount inductor sizes. 


Load Current 

ClN 

Cout 

LI 

D1 

Iout < 200mA 

47pF, 6.3V 

IOOjliF, 6.3V 

33,|iH 

0.5A, 20V Schottky 


AVX 

AVX 

Coilcraft 

Motorola 


TPSC476M006R0350 

TPSC1 07M06R01 50 

DO1608C-333 

MBR0520LT1 

Iout > 200mA 

1 0OjlF, 10V 

330(iF, 6.3V 

33jrH 

1 A, 30V Schottky 


AVX 

AVX 

Coilcraft 

Motorola 


TPSD1 07M01 0R01 00 

TPSE337M006R01 00 

D03316P-333 
Coiltronics CTX33-4 

MBRS130LT3 


Table 1. Power Stage Component Selection Guide 
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Figure 4. Application Circuit Showing Lead-Lag Compensation and Additional Cap to Reduce Output Ripple 
Using Cancellation Technique. 

See Table 1 for Suggested Component Values and Part Numbers 


Reducing Output Ripple for Noise Sensitive 
Applications 

In some applications it may be necessary to have very 
low output voltage ripple. There are a number of ways to 
achieve this goal. Since the ripple is dominated by the 
ESR of the output filter capacitor, one way to reduce the 
ripple is to put multiple low ESR capacitors in parallel. 
However, this brute force method can be expensive and 
take up excessive board real estate. 

A more effective method of ripple reduction is shown in 
Figure 4. By adding a small tantalum capacitor (C3) be- 
tween the 3.3V output and the negative battery input 
(BAT-), both input and output voltage ripple are reduced. 
This technique is a kind of ripple current cancellation 
scheme, since the ripple voltage on these two nodes is 
180° out of phase. Using this method, output ripple can 
be reduced by up to 50%. As with the other filter capaci- 
tors, it is imperative that stray inductance and resistance 
in series with the capacitor be minimized for maximum 
effectiveness. Note that this capacitor sees the sum of 
the input and output voltages; therefore an absolute mini- 
mum voltage rating of 10V is required. 

For applications where extremely low output ripple is re- 
quired, a small LC filter is recommended. This is shown 
in Figure 5. The addition of a small inductor and filter ca- 
pacitor will reduce the ripple well below what could be 
achieved with capacitors alone. It is also very effective in 
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eliminating any high frequency noise spikes resulting 
from the main output capacitor’s ESL and the Schottky 
diode’s parasitic capacitance. The LC values shown will 
provide significant ripple reduction while having a negligi- 
ble effect on output regulation. Note that the corner fre- 
quency of 41kHz was chosen to be well below the 
200kHz switching frequency, but high enough to avoid 
the loop crossover frequency, which is typically below 
10kHz. This avoids loop stability issues in case the feed- 
back is taken from the output of the LC filter. By leaving 
the feedback (VOUT) connection point before the LC fil- 
ter, the filter cap value can be increased to achieve even 
higher ripple attenuation without affecting stability mar- 
gin. 


1 JLiH 

+3.3 Vin O — 

— O VOUT 

JL 

L: Coilcraft DO 1 608C-1 02 5 

C: Sprague 594D156X0025C2T 

: 15fxF 


Figure 5. LC Filter for Very Low Noise Applications 
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Figure 6. Application Circuit Using the 14 Pin TSSOP Package and Other Low Profile Components 
to Achieve 1.2mm Overall Maximum Height.* 

*The maximum height on D1 is 1.35mm. 


Very Low Profile Applications 

The UCC3954 is available in a low profile (1 ,2mm) 14 pin 
TSSOP package. The application circuit shown in Figure 
6 is an example of a complete 200mA, 3.3V converter 
which will fit within a 1 .2mm max height envelope*. Note 
that the low inductor value for LI (IOjliH) requires a mini- 
mum load of at least 1mA to guarantee output regulation. 

Minimum Load 

Note that the pulse width modulator within the UCC3954 
cannot go to zero percent duty cycle. Therefore, it stores 
a finite amount of energy in LI every switching cycle. 
Normally, this would prevent regulation under no-load 
conditions. However, for inductor values greater than 
15jiH, no minimum load is required to maintain output 
regulation. This is because the current drawn by the 
VOUT pin, used for feedback and to bootstrap the inter- 
nal MOSFET’s gate drive, satisfies the minimum load re- 
quirement. However, the higher peak current resulting 
from inductor values below 15|uH requires a small mini- 
mum load to maintain output regulation. These lower 
value inductors are not optimal, and will not be as effi- 
cient due to the higher peak currents, but may be neces- 
sary to reduce size in some applications, such as that of 


Figure 6. 

Low Battery Warn Output 

The UCC3954 includes an open drain Low Battery Warn 
output that turns on and pulls the LOWBAT pin down to 
BAT- when the battery input voltage drops to the 
Low Bat threshold. This indicates that the battery voltage 
is very low and approaching the UCC3954 turn off 
threshold. 

The LOWBAT output switch is designed to have a high 
on-resistance, so an LED can be driven directly if de- 
sired, with no current limiting resistor. The anode of the 
LED can be connected to system ground (BAT+) or to 
the +3.3V output (this will result in a higher LED current). 

For systems where it is desired to read the LOWBAT out- 
put as a digital signal referenced to the +3.3V ground, a 
level shifter is needed. The circuit shown in Figure 7 is a 
simple resistive level shifter, consisting of R1 and R2, 
which provides a +3.3V compatible output. The output 
will normally be pulled up to +3.3V until a low battery 
condition exists, at which point it will be about 0.3V 
above the 3.3V ground. Figure 8 shows the typical con- 
verter efficiency for different loads as a function of input 
voltage. 


7-99 





Figure 7. Simple Resistive Level Shifter 
for the Low Battery Warn Output 


Figure 8. Typical Efficiency as a Function of Input 
Voltage and Load 
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^ UNITRODE 

Design Note 

UCC3941 One Volt Boost Converter Demonstration 
Kit - Schematic and List of Materials 


The UCC3941-3/-5/-ADJ Demonstration Kit al- 
lows the designer to evaluate the performance of 
the UCC394 1 -3/-5/-AD J One Volt Boost Con- 
verter in a typical application circuit. Figure 1 
shows a schematic for the UCC3941-3/-5/-ADJ 
Demonstration Kit. The UCC3941 control chip is 
available in three output voltage configurations 
(VOUT = 3.3V, 5V, or adjustable). The kit can be 
populated to evaluate any of these three ver- 
sions. 

For the fixed output voltages, R1 is not popu- 
lated and R2 is a OQ jumper, connecting pin 6 to 
ground. With the adjustable version, pin 6 is con- 


Table 1 contains a parts list for the demonstra- 
tion kit (fixed output versions). Reference desig- 
nators are printed on the circuit board next to the 
associated components. 

Alternate components can be substituted, how- 
ever a few words of caution are in order. 

High quality low ESL, low ESR, capacitors 
should be used in order to keep the output ripple 
voltage low and minimize noise that could effect 
circuit performance. Sprauge 594D/595D series, 
AVX TPS series, or Sanyo OS-CON series are 
good choices. 



Note: Part values for 3.3V or 5V versions. udg -971 12 


Figure 1. Demonstration Kit Schematic 


nected to the inverting input of a comparator 
whose non-inverting input is internally connected 
to 1.25V. R1 and R2 are used to program the 
output voltage, where 

VOUT = 1.25 • f 1 + — j 

l R2j 

SD needs to be grounded, or set to a logic level 
low, in order for the chip to operate. If SD is float- 
ing, or set to a logic level high, the UCC3941 en- 
ters a low power shutdown state. R3 sets the 
power limit of the device (see the 
UCC3941 -3/-5/-ADJ Data Sheet). A value of 
6.2Q will limit the output power to 500mW. 


A 22pH inductor is recommended for most appli- 
cations. An inductor value of less than 1 OjlxH 
should not be used since the rise and fall times 
will begin to approach internal timing limits of the 
1C. Larger values of inductors will typically result 
in larger ripple voltages on the outputs, due to 
the residual energy stored in the inductor. (Note: 
Data Sheet equations for the power limit and 
peak current assume a 22pFI inductor). Inductors 
exist as standard part numbers from vendors 
such as Coilcraft, Coiltronics and Sumida. 

A zener diode is used for D1 in order to guaran- 
tee that VGD does not rise above 10V during un- 
loaded conditions. 
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For further information, contact a local Unitrode 
Representative or Field Applications Engineer at 
(603)424-2410. 


Reference Designator 

Part Description 

Part Value 

Part Manufacturer 

Part Number 

Cl 

Tantalum Capacitor 

lOpF, 16V 

Sprague 

595D1 06X001 6B2T 

C2 

Tantalum Capacitor 

lOpF, 16V 

Sprague 

595D1 06X001 6B2T 

C3 

Tantalum Capacitor 

lOOpF, 6.3V 

Sprague 

595D1 07X06R3C2T 

D1 

Zener Diode 

10V 

Motorola 

1SMB5925BT3 

LI 

Inductor 

22pH 

Coilcraft 

DT3316P-223 

R1 

Not Populated 




R2 

Jumper 

0Q 

Panasonic 

ERJ-3GSY0R00 


Table 1. Demonstration Kit Parts List 
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Design Note 

UCC3954 Single Cell Lithium-Ion to +3.3V Converter 
Evaluation Board, Schematic, and List of Materials 


The UCC3954 evaluation kit allows the designer to 
evaluate the performance of the UCC3954 Single 
Cell Lithium-Ion to +3.3V converter. The UCC3954, 
along with a few external components, develops a 
regulated +3.3V from a single lithium-ion battery 
whose terminal voltage can vary between 2.5V and 
4.2V. The UCC3954 employs a simple flyback 
(buck-boost) technique to convert the battery volt- 
age to +3.3V. This is accomplished by referencing 
the battery’s positive terminal to system ground. 
The schematic for the evaluation kit is shown in 
Figure 1. 

UCC3954 Features 

• Converts +3.3V @ 700mA Load Current 

• Load Disconnect in Shutdown 

• High Efficiency Flyback Operation 

• Internal 0.1 5Q MOSFET Switch 

• Low Battery LED Driver 

• Internal 2.5A Peak Current Limit 


• Internal 200kHz Oscillator 

Absolute Maximum Ratings 


Input Supply Voltage (BAT+ to BAT-) 4.5V 

OUT: 

Maximum Forced Voltage 

(ref. toBAT+) 5.5V 

SWITCH: 

Maximum Forced Voltage 

(ref. toBAT+) 10.2V 

Maximum Forced Current . . . internally limited 

SD 

Maximum Forced Voltage 

(ref. toBAT+) 5.5V 

Maximum Forced Current 10mA 

COMP 

Maximum Forced Current self limiting 

Maximum Forced Voltage 

(ref. toBAT+) 4.5V 
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Function of SW1 

SW1 provides the shutdown for the UCC3954 
evaluation board. Pulling SD to BAT+ (On position) 
will enable the 1C. An internal 100k pulldown to 
BAT- disables the 1C when SD is left open (Off po- 
sition). Note: the switch positions for SW1 are re- 
versed. 

Function of J1 

J1 allows the user to evaluate additional output fil- 
tering for applications requiring even lower ripple 
and noise. J1 must be inserted if no additional fil- 
tering is added. 

Function Of LED 

The LED provides a low battery warning. The LED 
is illuminated by the LOWBAT output pulling low 
when the input battery voltage drops below the low 
battery warning threshold, 2.7V typical. Note: The 
LOWBAT output is referenced to BAT-. 

Optional Components 

The UCC3954 evaluation kit provides additional 
footprints for optional L-C output filtering. The in- 
ductor footprint (L2) is sized to accept Coilcraft 
D01608C size inductors. The 0.1 pF Capacitor (C3) 
can be replaced with a small (case B) tantalum ca- 
pacitor. 

Choosing an Inductor (LI) 

The input inductor value will determine if the con- 
verter is operating in the continuous or discontinu- 
ous conduction mode for a given input voltage and 
load current. The efficiency will be higher in the 
continuous mode (larger inductor value), due to the 
lower peak currents. However, a larger inductor 
value will be physically larger for the same current 
rating, and reduces loop bandwidth, making it more 
difficult to compensate. The evaluation kit is 
equipped with a 33jnH inductor. 

Output Capacitor Selection (Cl) 

To minimize output voltage ripple, a good high fre- 
quency capacitor must be used. Low ESR tanta- 
lums or Sanyo Oscon’s are recommended. The 
evaluation kit is equipped with a low ESR 330jif 
surface mount tantalum capacitor. 

Loop Compensation 

The loop may be compensated utilizing the simple 
dominant pole method, by placing a capacitor be- 
tween VFB and COMR The dominant pole method 
provides good stability over a wide range of loads 
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at the expense of loop bandwidth and dynamic 
regulation. 

When large dynamic load transients are expected, 
the simple dominant pole compensation method 
may not provide adequate dynamic load regulation. 
In this case, lead-lag compensation is recom- 
mended, as shown in the evaluation circuit of Fig- 
ure 1 . The addition of R1 and C7 in the error amp 
feedback loop provides significantly wider loop 
bandwidth, resulting in improved transient re- 
sponse. The optimum values of these compensa- 
tion components will depend on a number of 
factors; including input voltage, load current, induc- 
tor value and output capacitance, as well as the 
ESR of the inductor and output capacitor. The com- 
pensation values shown in Figure 1 will provide 
good loop stability and good transient response 
over the full range of input voltage and output load. 
They were chosen assuming a nominal inductor 
value of 33|iH. 

Reducing Output Ripple for Noise Sensitive Ap- 
plications 

In some applications it may be necessary to have 
very low output voltage ripple. There are a number 
of ways to achieve this goal. Since the ripple is 
dominated by the ESR of the output filter capacitor, 
one way to reduce the ripple is to put multiple low 
ESR capacitors in parallel. However, this brute 
force method can be expensive and take up exces- 
sive board real estate. 

A more effective method of ripple reduction is 
shown in Figure 1 . By adding a small tantalum ca- 
pacitor (C5) between the 3.3V output and the 
negative battery input (BAT-), both input and out- 
put voltage ripple are reduced. This technique is a 
kind of ripple current cancellation scheme, since 
the ripple voltage on these two nodes is 180° out of 
phase. Using this method, output ripple can be re- 
duced by up to 50%. As with the other filter capaci- 
tors, it is imperative that stray inductance and 
resistance in series with the capacitor be mini- 
mized for maximum effectiveness. Note that this 
capacitor sees the sum of the input and output volt- 
ages; therefore an absolute minimum voltage rating 
of 10V is required. (See the Optional Components 
section for additional information on L-C output fil- 
tering.) 

For more complete information, pin descriptions and 
specifications for the UCC3954 Single Cell Lithium-Ion to 
+3.3V Converter, please refer to the UCC3954 datasheet 
or contact your Unitrode Field Applications Engineer at 
(603) 424-2410. 
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Reference 

Designator 

Description 

Manufacturer 

Part Number 

Cl 

330|liF, 6.3V, Low ESR Tantalum Capacitor 

Spraque 

593D337X06R3E2W 

C2 

Unused 



C3 

O.IjllF, X7R Ceramic Capacitor 



C4 

IOOjiF, 10V, low ESR Tantalum Capacitor 

Sprague 

593D1 07X001 0D2W 

C5 

47|iiF, 16V, low ESR Tantalum Capacitor 

Sprague 

594D476X001 6C2T 

C6 

lOpF NPO Ceramic Capacitor 



C7 

470pF NPO Ceramic Capacitor 



D1 

1A, 30V Schottky Diode 



D2 

LED 



J1 

Jumper (location for optional 1|iH choke to reduce 
noise) 



LI 

33|j.H Choke 

Coilcraft 

D03316P-333 

R1 

470k, 1/10W, 5%, MF Resistor 



U1 

Single Cell Lithium-Ion to +3.3V Converter 

Unitrode 

UCC3954 

SW1 

Slide Switch 
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UNITRODE 

Design Note 


UCC39411 Low Power Synchronous Boost Converter, Evaluation Kit, Schematic and List 
of Materials 


The UCC3941 1/2/3 Evaluation Kit allows the de- 
signer to evaluate the performance of the 
UCC3941 1/2/3 Low power Synchronous Boost 
converter in a typical application circuit. The sche- 
matic for the evaluation kit is shown in Figure 1. 
The kit can be configured to evaluate any version 
of the UCC3941 1 family. 

UCC3941 1/2/3 Features 

• 8 pin TSSOP package 

• startup guaranteed under full load conditions at 
VBAT> IV 

• Operation down to 0.5V after startup 

• Wide input voltage range: IV to 3.2V 

• 200mW output power with VBAT as low as 0.8V 

• Secondary supply voltage from a single inductor 

• Output fully disconnected in shutdown 

• Adaptive current mode control for optimum 
efficiency 

• Low shutdown supply current 

• Built-in Reset function with programmable reset 
pulse width 


Programming the Output Voltage 


The evaluation board is shipped with the 
UCC3941 1 adjustable version programmed for 
3.3V. For the UCC39411 adjustable version the 
output voltage is programmed by the resistor di- 
vider R1 and R2 based on the internal reference 
voltage of 1.25V. For the fixed output voltages 
(UCC39412/3) R1 and R2 should be removed and 
Pin 4 is used solely for shutdown purposes. 


Vqut - L 25 



( 1 ) 


Note that the Thevenin impedance at the Feedback 
pin must be > 200k£L 

When designing with the UCC3941 1 1C (adjustable 
output), it is important to populate capacitor C5. 
Capacitor, C5, provides feed forward from the out- 
put to the SD/FB pin to compensate for delays 
caused by the high impedance requirements of the 
SD/FB pin and the parasitic capacitance on that 


LI 

22|iF 



Figure 1. UCC3941 1/2/3 evaluation kit 
03/99 
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pin. Failure to populate C5 will result in excess out- 
put voltage ripple. 

Shutting Down the 1C 

SW1 can be used to shutdown the 1C and disable 
the output. Switching SW1 to the off position will 
pull the SD/FB, pin 4 to ground to shutdown the 1C. 
Switching SW1 to the on position will allow the 
SD/FB pin to float thus enabling the 1C. 

Component Selection 

Table 1 contains a parts list for the evaluation kit 
(fixed output version). Reference designations are 
provided on the circuit board next to the associated 
components. 


Inductor Selection: An inductor value of 22pH will 
work best in most applications, but values between 
IOjiH and lOOpH are acceptable. Lower Value 
inductors typically offer lower ESR and smaller 
physical size. Due to the nature of hysteretic con- 
trollers, larger inductor values will typically result in 
larger overall voltage ripple, because once the out- 
put voltage level is satisfied the converter goes dis- 
continuous, resulting in the residual energy of the 
inductor causing overshoot. It is recommended that 
the ESR of the inductor be less than 0.1 5Q for full 
load operation. 


Output Capacitor Selection: Once the inductor 
value is selected the output capacitor value will de- 
termine the output ripple voltage. The worst case 
peak to peak ripple voltage is due to two compo- 
nents, the ESR of the output capacitor, and the ca- 
pacitor value. The worst case ripple occurs when 
the inductor is operating at maximum current and is 
expressed as follows: 


AV = 


Icl 2 'L 


2 •C*(V Q -V bat ) 


+ /, 


CL 


» ESR C 


( 2 ) 


where, 

L = Input inductance (H) 

C = output capacitance (F) 

AV = output voltage ripple (VP-P) 

Icl = the peak current limit (A) 

Vo = output voltage (V) 

Vbat = input voltage (V) 

The evaluation board is equipped with a IOOjiF 
Sprague Tantalum surface mount capacitor with an 
ESR of lOOmO. Output voltage ripple is 20mVp-p at 
200mW out. 

Input and VGD Capacitor Selections: The 

UCC3941 1 does not require a large decoupling ca- 
pacitor on VBAT to operate properly, a 1 0juF capac- 
itor is sufficient for most applications. Optimum 
efficiency occurs when the capacitor value is large 
enough to decouple the source impedance. 

A 10|iF capacitor on VGD should be sufficient to 
provide proper operation of the UCC3941 1 under 
full load conditions. 

Setting the Reset Period 

The RESET pin (open drain) provides an indication 
about the status of VOUT. If VOU T drops below 
10% of its nominal value, RESET, (pin 5) will go 
low. On power up, RESET will stay low until the 
output has reached 90% of its nominal value and 
the reset period has elapsed. The reset period is 
set by the capacitance placed on CT, (pin 6). The 
reset period is defined by: 

7 "reset = CT • 2.5x10 6 seconds (3) 

where CT is in Farads. 

The Molex Connector 

In addition to the AA battery holder to which the 
board is mounted there is also a 5 pin Molex con- 
nector for the user to interface to if desired. The 
pin-out for the connector is specified in Figure 1. 
Pin 1 of the connector is at the top left-hand corner 
of the circuit board. 
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Table 1. UCC39411 evaluation board list of materials. 


Designator 

Description 

Part Value 

Manufacturer 

Part Number 

Cl 

Tantalum capacitor 

100uF, 10V 

Sprague 

593D1 07X001 0D2W 

C2, C3 

Tantalum capacitor 

1 OjllF, 16V 

Spraque 

595D1 06X001 6B2T 

C4 

Ceramic capacitor, 1206, X7R 

0.047UF 

Panasonic/Digi-key 

PCC473BCT-ND 

C5 

Ceramic capacitor, 0603, NPO 

120pF 

Diqi-key 

PCC121 ACVCT-ND 

C6 

Ceramic capacitor, 0603 

O.OluF 

Digi-key 

PCC1 03BVCT-ND 

D1 

Schottly Diode SOD-123 

MBR0530T 1 

Newark 

MBR0530T1 

LI 

Inductor 

22uH 

Coilcraft 

DO1608C-223 

R1 

Resistor, 0603, 0.06W 

768kQ 

Digi-key 

P768KHCT 

R2 

Resistor, 0603, 0.06W 

464kO 

Digi-key 

P464KHCT-ND 

R3 

Resistor, 0603, 0.06W 

10k£2 

Digi-key 

P10KHCT-ND 

SW1 

Switch 

1 

EAO Switch 

09 10201 02 

TB1 

Connector, 5 pin 


Molex 

22-05-3051 

U1 

Control 1C 

: 

Initrode 

UCC3941 1 

U2 

Battery Holder, AA 


Digi-key 

BHAA-ND 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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Back-Light Controller ICs Selection Guide 


Ui 


Back-Light Controllers 

UC3871 

Part Number 

UC3872 

UCC3972 

Application 

Fluorescent lamp driver 
with LCD Bias 

Fluorescent lamp driver 

Fluorescent lamp driver 

Voltage range 

4.5V-20V 

4.5V-24V 

4.5V-25V 

Reference tolerance 

1.2% 

1.2 

NA 

Open lamp detect 

Yes 

Yes 

Yes 

PWM synchronization 

Yes 

Yes 

Yes 

PWM frequency 

Programmable 

Programmable 

80kH-1 60kH 

Analog dimming 

Yes 

Yes 

Yes 

Low-frequency dimming 

Yes 

Yes 

Yes 

Operating current 

8mA 

6mA 

1mA 

Package 

18-pin SOIC 

16-pin SSOP 

8-pin TSSOP 

Application/design note 

U-141, U-148 

DN-75, U-141, U-148 

- 

Page number 

8-2 

8-8 

8-13 
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UIMITRODE 

Resonant Fluorescent Lamp Driver 


| application 

1 

1 

INFO | 

available || 


UC1871 

UC2871 

UC3871 


FEATURES 


DESCRIPTION 


1|uA ICC when Disabled 

PWM Control for LCD Supply 

Zero Voltage Switched (ZVS) on 
Push-Pull Drivers 

Open Lamp Detect Circuitry 

4.5V to 20V Operation 

Non-saturating Transformer Topology 

Smooth 1 00% Duty Cycle on Buck 
PWM and 0% to 95% on Flyback 
PWM 


The UC1871 Family of IC’s is optimized for highly efficient fluorescent lamp 
control. An additional PWM controller is integrated on the 1C for applications 
requiring an additional supply, as in LCD displays. When disabled the 1C 
draws only 1 pA, providing a true disconnect feature, which is optimum for bat- 
tery powered systems. The switching frequency of all outputs are synchro- 
nized to the resonant frequency of the external passive network, which 
provides Zero Voltage Switching on the Push-Pull drivers. 

Soft-Start and open lamp detect circuitry have been incorporated to minimize 
component stress. An open lamp is detected on the completion of a soft-start 
cycle. 

The Buck controller is optimized for smooth duty cycle control to 100%, while 
the flyback control ensures a maximum duty cycle of 95%. 


Other features include a precision 1% reference, under voltage lockout, 
flyback current limit, and accurate minimum and maximum frequency control. 



Note: Pin numbers refer to DIL-18 and SOIC-18 packages only. 
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UC1871 

UC2871 

UC3871 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs -0.3 to +10V 

Vcc, Vc Voltage +20V 

Zero Detect Input Current 

High Impedance Source +10mA 

Zero Detect 

Low Impedance Source +20V 

Power Dissipation at Ta = 25°C 1 W 

Storage Temperature -65°C to +150°C 

Lead Temperature 300°C 


Note 1: Currents are positive into, negative out of the specified 
terminal. 

Note 2: Consult Packaging Section of Databook for thermal 
limitations and considerations of package. 


DIL-18, SOIC-18 (TOP VIEW) 


J or N, DW Package 



Enable [T 


18] VCC 

Flyback r— 
1 SENSE L=_ 


1 j\ E/A 2 Comp 

D Out [T 


Tj] E/A 2(-) 

O 

o 


Is] E/A 2(+) 

Gnd [IT 


Ti] Vref 

B Out 


T 3 ] Zero 
\ Detect 

A Out \T_ 


I 2 ] CT 

0 

> 


jT] E/A l(-) 

m 

1 


To] SS 

I 



CONNECTION DIAGRAMS 


PLCC-20 (Top View) 
Q Package 


/3 

2 1 2019 

4 

W 18] 

5 

17] 

6 

16] 

7 

15] 

8 

9 

14] 

10 11 12 13 


PACKAGE PIN FUNCTION! 

FUNCTION 

PIN 

Gnd 

1 

BOut 

2 

A Out 

3 

Vc 

4 

E/A 1 Comp 

5 

SS 

6 

E/A If-) 

7 

N/C 

8 

Ct 

9 

Zero Detect 

10 

N/C 

11 

Vref 

12 

E/A 2 (+) 

13 

E/A 2() 

14 

E/A 2 Comp 

15 

Vcc 

16 

Enable 

17 

Flvback Isense 

18 

DOut 

19 

COut 

20 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these parameters apply for Ta = -55°C to +125°C for the 
UC1 871 ; -25°C to +85°C for the UC2871 ; 0°C to +70°C for the UC3871 ; V C c = 5V, V c = 1 5V, Venable = 5V, C T = 1 nF, 

Zero Det = IV. 


PARAMETER | TEST CONDITIONS | MIN 

TYP | MAX | UNITS 

Reference Section 1 

Output Voltage 

Tj = 25°C 

2.963 

3.000 

3.037 

V 

Overtemp 

2.940 

3.000 

3.060 

V 

Line Regulation 

Vcc = 4.75V to 18V 



10 

mV 

Load Regulation 

lo = 0 to -5mA 



10 

mV 

Oscillator Section 

Free Running Frequency 

Tj = 25°C 

57 

68 

78 

kHz 

Max Sync Frequency 

Tj = 25°C 

160 

200 

240 

kHz 

Charge Current 

Vct=1-5V 

180 

200 

220 

HA 

Voltage Stability 




2 

% 

Temperature Stability 



4 

8 

% 

Zero Detect Threshold 


0.46 

0.5 

0.56 

V 
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UC1871 

UC2871 

UC3871 

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these parameters apply for T A = -55°C to +125°C for the 
UC1 871 ; -25°C to +85°C for the UC2871 ; 0°C to +70°C for the UC3871 ; V C c = 5V, V c = 1 5V, Venable = 5V, C T = 1 nF, 


Zero Det = IV. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 1 

UNITS 

Error Amp 1 Section 

Input Voltage 

> 

C\l 

II 

o 

> 

1.445 

1.475 

1.505 

V 

Input Bias Current 



-0.4 

-2 

pA 

Open Loop Gain 

Vo = 0.5 to 3V 

65 

90 


dB 

Output High 

Vea(-) = 1.3 V 

3.1 

3.5 

3.9 

V 

Output Low 

Vea(-) = 1 .7V 


0.1 

0.2 

V 

Output Source Current 

Vea(-) = 1 .3V, Vo = 2V 

-350 

-500 


pA 

Output Sink Current 

Vea(-) = 1 .7 V, Vo = 2 V 

10 

20 


mA 

Common Mode Range 


0 


VlN-IV 

V 

Unity Gain Bandwidth 

Tj = 25°C (Note 4) 


1 


MHz 

Maximum Source Impedance 

Note 5 



100k 

Q 

Open Lamp Detect Section 

Soft Start Threshold 

Vea(-) = 0V 

2.9 

3.4 

3.8 

V 

Error Amp Threshold 

Vss = 4.2V 

0.7 

1.0 

1.3 

V 

Soft Start Current 

Vss = 2V 

10 

20 

40 

pA 

| Error Amp 2 Section 

Input Offset Voltage 

Vo = 2V 


0 

10 

mV 

Input Bias Current 



-0.2 

-1 

pA 

Input Offset Current 




0.5 

jiA 

Open Loop Gain 

Vo = 0.5 to 3V 

65 

90 


dB 

Output High 

Vid = 1 0OmV, Vo = 2V 

3.6 

4 

4.4 

V 

Output Low 

Vid = -lOOmv, Vo = 2 V 


0.1 

0.2 

V 

Output Source Current 

Vid = 1 0OmV, Vo = 2V 

-350 

-500 


pA 

Output Sink Current 

Vid = -lOOmV, Vo = 2V 

10 

20 


mA 

Common Mode Range 


0 


VIN-2V 

V 

Unity Gain Bandwidth 

Tj = 25°C (Note 4) 


1 


MHz 

1 Isense Section 

i Threshold 


| 0.475 

0.525 

0.575 


Output Section ; 

Output Low Level 

Iout = 0, Outputs A and B 


0.05 

0.2 

V 


Iout = 10mA 


0.1 

0.4 

V 


Iout= 100mA 


1.5 

2.2 

V 

Output High Level 

Iout = 0, Outputs C and D 

14.7 

14.9 


V 


Iout = -10mA 

13.5 

14.3 


V 


Iout = -100mA 

12.5 

13.5 


V 

Rise Time 

Tj = 25°C, Cl = 1 nF(Note 4) 


30 

80 

ns 

Fall Time 

Tj = 25°C, Cl = 1 nF(Note 4) 


30 

80 

ns 

Output Dynamics 

Out A and B Duty Cycle 


48 

49.9 

50 

% 

Out C Max Duty Cycle 

VeaI(-) = IV 

100 



% 

Out C Min Duty Cycle 

VeaI(-) = 2V 



0 

% 

Out D Max Duty Cycle 

Vea2(+)- Vea2(-) = lOOmV 


92 

96 

% 

Out D Min Duty Cycle 

Vea2(+)- Vea2(-) = -lOOmV 



0 

% 
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UC1871 

UC2871 

UC3871 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these parameters apply for Ta = -55°C to +125°C for the 
UC1 871 ; -25°C to +85°C for the UC2871 ; 0°C to +70°C for the UC3871 ; V C c = 5V, V c = 1 5V, Venable = 5V, C T = 1 nF, 

Zero Det = 1 V. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Under Voltage Lockout Section 

Start-Up Threshold 


3.7 

4.2 

4.5 

V 

Hysterisis 


120 

200 

280 

mV 

Enable Section 

Input High Threshold 


2 



V 

Input low Threshold 




0.8 

V 

Input Current 

Venable = 5V 


150 

400 

jiA_ 

Supply Current Section 

VCC Supply Current 

Vcc = 20V 


8 

14 

mA 

VC Supply Current 

Vc=20V 


7 

12 

mA 

ICC Disabled 

Vcc = 20V, Venable = 0V 


1 

10 

M-A 


Note 3: Unless otherwise specified, all voltages are with respect to ground. Currents are positive into, and negative out of the 
specified terminal. 

Note 4: Guaranteed by design but not 100% tested in production. 

Note 5: Impedance below specified maximum guarantees proper operation of the Open Lamp Detect. 


APPLICATIONS INFORMATION 

Figure 1 shows a complete application circuit using the 
UC3871 Resonant Fluorescent lamp and LCD driver. 
The 1C provides all drive, control and housekeeping 
functions to implement CCFL and LCD converters. The 
buck output voltage (transformer center-tap) provides the 
zero crossing and synchronization signal. The LCD sup- 
ply modulator is also synchronized to the resonant tank. 

The buck modulator drives a P-channel MOSFET di- 
rectly, and operates over a 0-100% duty-cycle range. 
The modulation range includes 100%, allowing operation 
with minimal headroom. The LCD supply modulator also 
directly drives a P-channel MOSFET, but it’s duty-cycle 
is limited to 95% to prevent flyback supply foldback. 

The oscillator and synchronization circuitry are shown in 
Figure 2. The oscillator is designed to synchronize over a 
3:1 frequency range. In an actual application however, 
the frequency range is only about 1.5:1. A zero detect 
comparator senses the primary center-tap voltage, gen- 
erating a synchronization pulse when the resonant wave- 
form falls to zero. The actual threshold is 0.5V, providing 
a small amount of anticipation to offset propagation de- 
lay. 

The synchronization pulse width is the time that the 4mA 
current sink takes to discharge the timing capacitor to 
0.1V. This pulse width sets the LCD supply modulator 
minimum off time, and also limits the minimum linear 
control range of the buck modulator. The 200|iA current 
source charges the capacitor to a maximum of 3 volts. A 
comparator blanks the zero detect signal until the capac- 


itor voltage exceeds IV, preventing multiple synchroni- 
zation pulse generation and setting the maximum 
frequency. If the capacitor voltage reaches 3V (a zero 
detection has not occurred) an internal clock pulse is 
generated to limit the minimum frequency. 

A unique protection feature incorporated in the UC3871 
is the Open Lamp Detect circuit. An open lamp interrupts 
the current feedback loop and causes very high second- 
ary voltage. Operation in this mode will usually break- 
down the transformer’s insulation, causing permanent 
damage to the converter. The open lamp detect circuit, 
shown in Figure 3 senses the lamp current feedback sig- 
nal at the error amplifiers input, and shuts down the out- 
puts if insufficient signal is present. Soft-start circuitry 
limits initial turn-on currents and blanks the open lamp 
detect signal. 

Other features are included to minimize external circuitry 
requirements. A logic level enable pin shuts down the 1C, 
allowing direct connection to the battery. During shut- 
down, the 1C typically draws less than IjuA. The UC3871, 
operating from 4.5V to 20V, is compatible with almost all 
battery voltages used in portable computers. Un- 
der-voltage lockout circuitry disables operation until suffi- 
cient supply voltage is available, and a 1% voltage 
reference insures accurate operation. Both inputs to the 
LCD supply error amplifier are uncommitted, allowing 
positive or negative supply loop closure without addi- 
tional circuitry. The LCD supply modulator also incorpo- 
rates cycle-by-cycle current limiting for added protection. 
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UC1871 

UC2871 

UC3871 



Figure 1. Typical Application. 
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UC1871 

UC2871 

UC3871 


APPLICATION INFORMATION (cont.) 



Figure 2. UC3871 Oscillator Section. 



Low = Open Lamp 
(Disable Outputs) 


Figure 3. UC1871 Open Lamp Detect Circuitry. 
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— UNITRODE 

Resonant Lamp Ballast Controller 


[application H 

I I INFO |B 
available 


UC1872 

UC2872 

UC3872 


FEATURES 

• Controls Different Types of Lamps: 
Cold Cathode Fluorescent, Neon, and 
Gas Discharge 

• Zero Voltage Switching (ZVS) of 
Push-Pull Drivers 

• Accurate Control of Lamp Current 

• Variable Lamp Intensity Control 

• IpA Disable Current 

• 4.5V to 24V Operation 

• Open Lamp Detection Circuitry 


DESCRIPTION 

The UC3872 is a resonant lamp ballast controller optimized for driving 
cold cathode fluorescent, neon, and other gas discharge lamps. The res- 
onant power stage develops a sinusoidal lamp drive voltage, and mini- 
mizes switching loss and EMI generation. Lamp intensity adjustment is 
accomplished with a buck regulator, which is synchronized to the external 
power stage’s resonant frequency. Suitable for automotive and battery 
powered applications, the UC3872 draws only IjnA when disabled. 

Soft start and open lamp detect circuitry have been incorporated to mini- 
mize component stresses. Open lamp detection is enabled at the comple- 
tion of a soft start cycle. The chip is optimized for smooth duty cycle 
control to 1 00%. 

Other features include a precision 1.2% reference, undervoltage lockout, 
and accurate minimum and maximum frequency control. 


BLOCK DIAGRAM 


VCC [10] 
REF [ 9 ] 
ENBL []l] 

COMP I4I 


(High=Enable) 


0.1V — 


1.5V H+^ 


® 2 0 |li A 


Push Pull 

Outputs 

N-Channel 


1 /VA, 

200|i.A 0.2V 

R 

CT 7 

■iir~r 

S 


Zero Detect 


Out 
- Sync 

Oscillator 


Buck Drive 
P-Channel 


-M3 PGND 


Note: Pin numbers shown are for DIP package. 






UC1872 

UC2872 

UC3872 


ABSOLUTE MAXIMUM RATINGS 


Analog Inputs -0.3 to +10V 

VCC, VC Voltage +24V 

ZD Input Current 

High Impedance Source +10mA 

ZD Input Voltage 

Low Impedance Source +24 V 

Power Dissipation at Ta = 25°C 1 W 

Storage Temperature -65°C to +150°C 

Lead Temperature 300°C 


Note 1: Currents are positive into, negative out of the specified 
terminal. 

Note 2: Consult Packaging Section of Databook for thermal limi- 
tations and considerations of package. 


CONNECTION DIAGRAMS 


SOIC-16, SSOP-16 (TOP VIEW) 


DW, M Package 


BOUT [T 



16] GND 

AOUT \2_ 



15] PGND 

VC \E 



14] COUT 

COMP [4 



13] ENBL 

SS [5 



12] VCC 

N/C [|1 



TT] REF 

INV [7] 



Ip] N/C 

CT [lj 

— 


J] ZD 


DIL-14 (TOP VIEW) 
N Package 



BOUT [T 


14| GND 

AOUT \2_ 


13] PGND 

VC |T 


12] COUT 

COMP [T 


TT] ENBL 

ss [y 


To] VCC 

inv [y 


]9] REF 

ct [y 


y] zd 


PLCC-20 (Top View) 
Q Package 


N/C- 

SS- 

N/C- 




N/C— I 4 
IN V— [ 5 
CT— [ 6 
ZD-1 7 
REF-J 8 

N/C- 
N/C- 




-COMP 

-VC 


3 2 1 20 19 




9 10 11 12 13 


IT" 




18 1— AOUT 
171-BOUT 
16 1-GND 
151-PGND 
14p— COUT 

-N/C 
-ENBL 
-VCC 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these parameters apply for Tj = -55°C to +125°C for the 
UC1 872, -40°C to +85°C for the UC2872, -0°C to +70°C for the UC3872; VCC= 5V, VC = 1 5V, Venbl = 5V, CT = 1 nF, ZD = 1 V. 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

Reference Section | 

Output Voltage 

Tj = 25°C 

2.963 

3.000 

3.037 

V 

Over Temperature 

2.940 

3.000 

3.060 

V 

Line Regulation 

VCC = 4.75V to 18V 



10 

mV 

Load Regulation 

lo= 0 to -5mA 



10 

mV 

Oscillator Section 

Free Running Frequency 

Tj = 25°C 

57 

68 

78 

kHz 

Maximum Synchronization Frequency 

Tj = 25°C 

160 

200 

240 

kHz 

Charge Current 

V CT =1.5V 

180 

200 

220 

pA 

Voltage Stability 




2 

% 

Temperature Stability 



4 

8 

% 

Zero Detect Threshold 


0.46 

0.5 

0.56 

V 

Error Amp Section 

Input Voltage 

> 

CM 

II 

O 

> 

1.445 

1.475 

1.505 

V 

Input Bias Current 



-0.4 

-2 

pA 

Open Loop Gain 

Vo = 0.5 to 3V 

65 

90 


dB 

Output High 

< 

2 

< 

II 

GO 

< 

3.1 

3.5 

3.9 

V 
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UC1872 

UC2872 

UC3872 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these parameters apply for Tj = -55°C to +125°C for the 
UC1872, -40 °C to +85°C for the UC2872, -0°C to +70°C for the UC3872; VCC= 5V, VC = 15V, Venbl = 5V, CT = InF, ZD = IV. 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error Amp Section (cont.) | 

Output Low 

V|nv=1-7V 


0.1 

0.2 

V 

Output Source Current 

V, nv = 1.3V, V 0 = 2V 

-350 

-500 


nA 

Output Sink Current 

V| NV = 1.7V, V 0 = 2V 

10 

20 


mA 

Common Mode Range 


0 


Vin-IV 

V 

Unity Gain Bandwidth 

Tj = 25°C (Note 4) 


1 


MHz 

Open Lamp Detect Section 

Soft Start Threshold 

V, NV = 0 V 

2.9 

3.4 

3.8 

V 

Open Lamp Detect Threshold 

Vss = 4.2V 

0.6 

1.0 

1.4 

V 

Soft Start Current 

> 

OJ 

n 

CO 

CO 

> 

10 

20 

40 

PA 

Output Section 1 

Output Low Level 

•out = 0, Outputs A and B 


0.05 

0.2 

V 


•out = 10mA 


0.1 

0.4 

V 


Iout = 100mA 


1.5 

2.2 

V 

Output High Level 

Iout = 0, Output C 

13.9 

14.9 


V 


Iout = -10mA 

13.5 

14.3 


V 


Iout = -1 00mA 

12.5 

13.5 


V 

Rise Time 

Tj = 25°C, CI = 1nF(Note 4) 


30 

80 

ns 

Fall Time 

Tj = 25°C, Cl = 1nF(Note 4) 


30 

80 

ns 

Output Dynamics | 

Out A and B Duty Cycle 


48 

49.9 

50 

% 

Out C Max Duty Cycle 

V|NV = 1 V 

100 



% 

Out C Min Duty Cycle 

Vinv = 2 V 



0 

% 

Under Voltage Lockout Section | 

Startup Threshold Voltage 


3.7 

4.2 

4.5 

V 

Hysteresis 


120 

200 

280 

mV 

Enable Section | 

Input High Threshold 


2 



V 

Input Low Threshold 




0.8 

V 

Input Current 

Venbl = 5 V 


150 

400 

pA 

Supply Current Section | 

VCC Supply Current 

VCC = 24V 


6 

14 

mA 

VC Supply Current 

VC = 24V 


5 

12 

mA 

ICC Disabled 

VCC = 24V, Venbl = 0V 


1 

10 

pA 


Note 3: Unless otherwise specified, all voltages are with respect to ground. Currents are positive into, and negative out of the 
specified terminal. 

Note 4: Guaranteed by design. Not 100% tested in production. 


PIN DESCRIPTIONS 

AOUT, BOUT: These outputs provide complementary 
drive signals for the push-pull N-channel MOSFETs. 
Each one is high for 50% of the time, switching states 
each time a zero-detect is sensed. 


COMP: COMP is the output terminal of the error ampli- 
fier. Compensation components are normally connected 
between COMP and INV. Connecting a capacitor from 
this pin to ground limits turn on current and blanks the 
open lamp detect signal allowing the lamp to start. 
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UC1872 

UC2872 

UC3872 


PIN DESCRIPTIONS (cont.) 

COUT: This output directly drives the bulk regulator 
P-channel MOSFET. COUT turn-on is synchronized to 
each zero-detect, and therefore switches at twice the fre- 
quency of AOUT and BOUT The modulator controlling 
COUT is designed to provide smooth control up to 1 00% 
duty cycle. 


PGND: This pin is the high current ground connection for 
the three output drivers. 

REF: This pin is connected to the 3V reference voltage 
which is used for the internal logic. Bypass REF to 
ground with a 0.01 pF ceramic capacitor for proper oper- 
ation. 


CT: A capacitor connected between this pin and GND 
ground sets the synchronization frequency range. The 
capacitor is charged with approximately 200pA, creating 
a linear ramp which is used by COUT’s (buck regulator 
driver) PWM comparator. 

ENBL: When ENBL is driven high the device is enabled. 
When ENBL is pulled low, the 1C is shut down and typi- 
cally draws 1 jliA. 

GND: This pin is the ground reference point for the inter- 
nal reference and all thresholds. 

INV: This pin is the inverting input to the error amplifier 
and the input for the open lamp detect circuitry. If the 
voltage at INV is below the IV open lamp detect thresh- 
old, the outputs are disabled. 


VC: VC is the power supply voltage connection for the 
output drivers. Bypass it to ground with a 0.1 pF ceramic 
capacitor for proper operation. 

VCC: VCC is the positive supply voltage for the chip. Its 
operating range is from 4.2V to 24V. Bypass VCC to 
ground with a 0.1 pF ceramic capacitor for proper opera- 
tion. 

ZD: The zero-detect input senses when the transformer’s 
primary center tap voltage falls to zero to synchronize 
the sawtooth voltage waveform on CT. The threshold is 
approximately 0.5V, providing a small amount of offset 
such that with propagation delay, zero-volt switching oc- 
curs. A resistor (typically 10k) should be connected be- 
tween ZD and the primary center tap to limit input 
current at turn off. 
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APPLICATIONS INFORMATION 

Figure 1 shows a complete application circuit using the 
UC3872 Resonant Lamp Ballast Controller. The 1C pro- 
vides all drive, control and housekeeping functions. The 
buck output voltage (transformer center-tap) provides the 
zero crossing and synchronization signals. 

The buck modulator drives a P-channel MOSFET di- 
rectly, and operates over a 0-100% duty-cycle range. 
The modulation range includes 100%, allowing operation 
with minimal headroom. 

The oscillator and synchronization circuitry are shown in 
Figure 2. The oscillator is designed to synchronize over a 
3:1 frequency range. In an actual application however, 
the frequency range is only about 1.5:1. A zero detect 
comparator senses the primary center-tap voltage, gen- 
erating a synchronization pulse when the resonant wave- 
form falls to zero. The actual threshold is 0.5 volts, 
providing a small amount of anticipation to offset propa- 
gation delay. 

The synchronization pulse width is the time required for 
the 4mA current sink to discharge the timing capacitor to 
0.1 volts. This pulse width limits the minimum linear con- 
trol range of the buck regulator. The 200|iA current 
source charges the capacitor to a maximum of 3 volts. A 
comparator blanks the zero detect signal until the capac- 
itor voltage exceeds 1 volt, preventing multiple synchro- 
nization pulse generation and setting the maximum 
frequency. If the capacitor voltage reaches 3 volts (a zero 
detection has not occurred) an internal clock pulse is 
generated to limit the minimum frequency. 



Figure 2. UC3872 Oscillator Section 


A unique protection feature incorporated in the UC3872 
is the Open Lamp Detect circuit. An open lamp interrupts 
the current feedback loop and causes very high second- 
ary voltage. Operation in this mode will usually break- 
down the transformer’s insulation, causing permanent 
damage to the converter. The open lamp detect circuit, 
shown in Figure 3 senses the lamp current feedback sig- 
nal at the error amplifier’s input, and shuts down the out- 
puts if insufficient signal is present. Soft start circuitry 
limits initial turn-on currents and blanks the open lamp 
detect signal. 

Other features are included to minimize external circuitry 
requirements. A logic level enable pin shuts down the 1C, 
allowing direct connection to a battery. During shut- 
down, the 1C typically draws less than 1 jlxA. The UC3872, 
operating from 4.5V to 24V, is compatible with almost all 
battery voltages used in portable computers and auto- 
motive applications. Undervoltage lockout circuitry dis- 
ables operation until sufficient supply voltage is 
available, and a 1% voltage reference insures accurate 
operation. 



Figure 3. UC3872 Open Lamp Detect Circuitry 
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ADVANCED INFORMATION 


BiCMOS Cold Cathode Fluorescent Lamp Driver Controller 


FEATURES 


DESCRIPTION 


• 1mA Typical Supply Current 

• Accurate Lamp Current Control 

• Analog or Low Frequency Dimming 
Capability 

• Open Lamp Protection 

• 4.5 to 25V Operation 


Design goals for a Cold Cathode Fluorescent Lamp (CCFL) converter used 
in a notebook computer or portable application include small size, high 
efficiency and low cost. The UCC3972 CCFL controller provides the 
necessary circuit blocks to implement a highly efficient CCFL backlight 
power supply in a small footprint 8 pin TSSOP package. The BiCMOS 
controller typically consumes less than 1mA of operating current, improving 
overall system efficiency when compared to bipolar controllers requiring 5 
to 10mA of operating current. 


• PWM Frequency Synchronized to 
External Resonant Tank 

• 8 Pin TSSOP and SOIC Packages 
Available 


External parts count is minimized and system cost is reduced by 
integrating such features as a feedback controlled PWM driver stage, open 
lamp protection, and synchronization circuitry between the buck and 
push-pull stages. The UCC3972 includes an internal shunt regulator, 
allowing the part to operate with input voltages from 4.5V up to 25V. The 
part supports both analog and low frequency dimming modes of operation. 


TYPICAL APPLICATION CIRCUIT 





ABSOLUTE MAXIMUM RATINGS 


VBAT +27V 

VDD Maximum Forced Current 30mA 

Maximum Forced Voltage 17V 

BUCK -5V to VBAT 

MODE -0.3V to 3.2V 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150°C 


Unless otherwise indicated, currents are positive into, negative 
out of the specified terminal. Pulse is defined as less than 10% 
duty cycle with a maximum duration of 500ps. Consult Packag- 
ing Section of Databook for thermal limitations and considera- 
tions of packages. All voltages are referenced to GND. 


UCC1972 

UCC2972 

UCC3972 


CONNECTION DIAGRAMS 


TSSOP-8 (TOP VIEW) 

PW Package 


BUCK |jT 

W 

~8~| VDD 

VBAT [T 


T| OUT 

COMP [T 


~6~j GND 

FB |jT 


~5~| MODE 


DIL-8 (TOP VIEW) 


D, J, N Packages 


OUT [jT 


~8~| GND 

VDD |jT 


7] MODE 

BUCK QT 


~6~~j FB 

VBAT [T 


~5~| COMP 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified these specifications hold for Ta= 0°C to +70°C for the 
UC3972, -40° C to +85°C for the UC2972, and -55°C to +125°C for the UC1972; T a =Tj; VDD=VBAT=VBUCK=12V; 
MODE=OPEN. For any tests with VBAT>17V, place a IK resistor from VBAT to VDD. 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX UNITS 

Input supply 

VDD Supply Current 

VDD = 12V 


1 

1.5 

mA 

VBAT = 25V 


7 

10.5 

mA 

VBAT Supply Current 

VBAT = 12V 


30 

60 

|iA 

VBAT = 25V 


70 

140 

pA 

VDD Regulator Turn-on Voltage 

•source = 2mA to 1 0mA 

17 

18 

19 

V 

VDD UVLO Threshold 

Low to high 


4 

4.4 

V 

UVLO Threshold Hysteresis 


100 

200 

300 

mV 

Output Section 

Pull Down Resistance 

l S i NK = 10mA to 100mA 


50 

75 

a 

Pull Up Resistance 

•source = 10mA to 100mA 


50 

75 

a 

Output Clamp Voltage 

VBAT = 25V, Shunt Regulator on 


16 

18 

V 

Output Low 

MODE = 0.5V, I S INK = 1mA 


0.05 

0.2 

V 

Rise Time 

CL = InF, Note 1 


200 


ns 


8-14 





UCC1972 

UCC2972 

UCC3972 

ELECTRICAL CHARACTERISTICS: Unless otherwise specified these specifications hold for Ta=0°C to +70°C for the 
UC3972, -40° C to +85°C for the UC2972, and -55°C to +125°C for the UC1972; T a =Tj; VDD=VBAT=VBUCK=12V; 


MODE=OPEN. For any tests with VBAT>17V, 

place a 1 K resistor from VBAT to VDD. 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Fall Time 

CL = InF, Note 1 


200 


ns 

Oscillator 1 

Minimum Frequency 

BUCK = VBAT - 2 

52 

66 

80 

kHz 

Maximum Synchronizable Frequency 

BUCK = VBAT 

160 

200 

240 

kHz 

Voltage Stability 

BUCK = VBAT = 12V to 25V 


5 

7 

% 

Maximum Duty Cycle 

> 

CD 

LL 

92 

95 


% 

Minimum Duty Cycle 

> 

CM 

11 

CD 

LL 



0 

% 

BUCK Input Bias Current 

BUCK = VBAT = 12V 


40 

90 

pA 

Zero Detect Threshold 

Measured at BUCK w/respect to VBAT 

-0.95 

-0.75 

-0.55 

V 

Error Amplifier 






Input Voltage 

COMP = 2V 

1.465 

1.5 

1.535 

V 

Input Bias Current 


-500 

-100 


nA 

Open Loop Gain 

COMP = 0.5 to 3.0V 

60 

80 


dB 

Output High Voltage 

> 

ii 

co 

LL 

3.3 

3.7 

4.1 

V 

Output Low Voltage 

FB = 2V 


0.15 

0.35 

V 

Output Source Current 

FB = IV, COMP = 2V 


-1.2 

-0.4 

mA 

Output Sink Current 

FB = 2V, COMP = 2 V 

45 

90 


JLlA 

Output Source Current 

FB = IV, COMP = 2 V, MODE = 0.5V 

-1 


1 

pA 

Output Sink Current 

FB = 2V, COMP = 2V, MODE = 0.5V 

-1 


1 

pA 

Unity Gain Bandwidth 

YJ = 25C, Note 1 


2 


MHz 

Mode Select 






Output Enable Threshold 


0.85 

1 

1.15 

V 

Open Lamp Detect Enable Threshold 


2.75 

3 

3.25 

mV 

Mode Output Current 

MODE = 0.5V 

15 

20 

25 

pA 

MODE Clamp Voltage 

MODE = OPEN 

3.3 

3.7 

4 

V 

DIM 






Open Lamp Detect Threshold 

Measured at BUCK with respect to VBAT 

-12 

-10 

-8 

V 


PIN DESCRIPTIONS 

BUCK: Senses the voltage on the top side of the induc- 
tor feeding the resonant tank. The voltage at this point 
is used to synchronize the internally generated ramp, 
and is also used to detect whether an open lamp condi- 
tion exists. An open lamp condition exists when this 
voltage is below the specified threshold for seven clock 
cycles. If the MODE pin is held below the open lamp 
detect enable threshold, this protective feature is dis- 
abled. 

COMP: Output of the error amplifier. Compensation 
components set the bandwidth of the entire system and 
are normally connected between COMP and FB. The 
error amplifier averages lamp current against a fixed in- 
ternal reference. The resulting voltage on the COMP 
pin is compared to an internally generated ramp, setting 


the PWM duty cycle. During UVLO, this pin is actively 
pulled low. 

FB: This pin is the inverting input to the error amplifier. 
GND: Ground reference for the 1C. 

MODE: The voltage on this pin is used to control start-up 
and various modes of operation for the part (refer to the ta- 
ble in the block diagram). 

When the voltage is below IV, OUT is forced low, open 
lamp detection is disabled and the error amplifier is tri- 
stated. 

When the voltage is between IV and 3V, OUT is enabled 
and the error amplifier output is connected to COMP. Open 
lamp detection is still disabled and a constant 20pA cur- 
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PIN DESCRIPTIONS (cont.) 

rent is sourced from this pin. Placing an appropriate 
value external capacitor between this pin and ground 
allows the user to disable open lamp detection for a set 
period of time at start-up to allow the lamp to strike. 

When MODE reaches 3V, open lamp detection is en- 
abled and normal operation is activated. 

A square wave can be applied to this pin allowing a low 
frequency dimming technique to be implemented. 

OUT: Drives the buck regulator N-channel MOSFET. 
OUT turn-on is synchronized to twice the tank resonant 
frequency. OUT is actively pulled low when in UVLO, 


an open lamp condition has been detected or MODE is 
less than IV. 

VBAT: Positive input supply to power stage. This voltage is 
required by internal control circuitry to provide open-lamp 
detection and synchronization. Operating range is from 
4.5V to 25 V. 

VDD: This pin connects to the battery voltage from which 
the CCFL inverter will operate. If the potential on VBAT 
can exceed 18V in the application, a series resistor must 
be placed between VBAT and this pin (see applications 
section). The voltage at the VDD pin will then be regulated 


BLOCK DIAGRAM 


VBAT 


VDD 


MODE 


COMP 



BUCK 


OUT 


GND 


FB 


*MODE 

Output 

Open Lamp Detection 

S2 

Error Amplifier Output 

SI 

<1V 

OFF 

DISABLED 

OPEN 

DISCONNECTED FROM COMP 

OPEN 

1V< MODE< 3V 

ON 

DISABLED 

OPEN 

CONNECTED TO COMP 

CLOSED 

>3V 

ON 

ENABLED 

CLOSED 

CONNECTED TO COMP 

CLOSED 
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APPLICATION INFORMATION (cont.) 
Introduction 

Cold Cathode Fluorescent Lamps (CCFL) are fre- 
quently used as the backlight source for Liquid Crystal 
Displays (LCDs). These displays are found in numerous 
applications such as notebook computers, portable in- 
strumentation, automotive displays, and retail terminals. 
Fluorescent lamps provide superior light output effi- 
ciency, making their use ideal for power sensitive port- 
able applications where the backlight circuit can 
consume a significant portion of the battery’s capacity. 
The backlight converter must produce the high voltage 
needed to strike and operate the lamp. Although 
CCFLs can be operated with a DC voltage, a symmetri- 
cal AC operating voltage is recommended to maintain 


the rated life of the lamp. Sinusiodal voltage and current 
lamp waveforms are also recommended to achieve opti- 
mal electrical to light conversion and to reduce high volt- 
age electromagnetic interference (EMI). A topology that 
provides these requirements while maintaining efficient op- 
eration is presented in Fig. 1. 

Circuit Operation 

A current fed push-pull topology is used to power the 
CCFL backlight shown in Fig. 1. This topology 
accommodates a wide input voltage and dimming range 
while retaining sinusoidal operation of the lamp. The 
converter consists of a resonant push-pull stage, a high 
voltage output stage, and a buck pre-stage used to 
regulate current in the converter. 



UDG-98157 


Figure 1. Push-pull, output and buck stages. 


Referring to Fig. 1, the push-pull stage consists of 
Cres. Q1, Q2, Rb, and TVs primary and auxiliary wind- 
ings. The output stage consists of Cballast. the lamp, 
the current sense resistor Rs, and TVs secondary. The 
resonant frequency of the tank is set by the primary in- 
ductance of T1, along with the resonant capacitor 
(Cres), and the reflected secondary impedance. The 
secondary impedance includes the lamp, the ballast ca- 
pacitor (Cballast). the distributed winding capacitance 


of T1 , and the stray capacitance which forms between the 
lamp, lamp wires, and the backlight reflector. Since the 
lamp impedance is nonlinear with operating current, the 
tank resonant frequency will vary slightly with load (typi- 
cally 1.5:1). 

The primary resonant tank consisting of TVs primary in- 
ductance and C R es produces a sinusoidal current (Ires) 
and is fed by a controlled DC current (Ibuck) fro™ the buck 
stage. Note that the BUCK node voltage is 1/2 the primary 
8-17 
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APPLICATION INFORMATION (cont.) 

tank voltage, as VBAT is located at the center tap of 
the transformer. The high turns ratio transformer (T1) 
amplifies the sinusoidal tank voltage to produce a sinu- 
soidal secondary voltage that is divided between the 
lamp and ballast capacitor. Due to the winding con- 
struction of T1, the secondary voltage has a small DG 
offset (VBAT). This DC component is blocked by Cbal- 
last and has n ° effect on lamp operation. Cballast 
also provides high output impedance, allowing the sec- 
ondary current (Ilamp) to remain sinusoidal driving the 
highly nonlinear lamp load. 

Transistors Q1 and Q2 are driven out of phase at 50 
percent duty cycle with an auxiliary winding on T1 . The 
winding provides a floating AC voltage source at the 
resonant frequency that is used to drive the transistor 
bases alternately on and off. One leg of the auxiliary 
winding is tied to the input voltage through base resistor 
Rb, which is sized to provide sufficient base current to 
the transistors. The transistors channel the buck induc- 
tor current into opposing ends of the tank at the reso- 
nant frequency, supplying energy for the lamp and 
system losses. 

The buck power stage consists of inductor Lbuck> 
MOSFET switch Sbuck> and flyback diode D B uck- ,n 
order to prevent interactions between multiple switching 
frequencies, the UCC3972 synchronizes the buck fre- 
quency to the frequency of the push-pull stage. The tra- 
ditional buck topology is inverted to take advantage of 
the lower RdsON characteristics of an N-Channel MOS- 
FET switch (Sbuck)- With a sinusoidal voltage across 
the tank, the resulting output of the buck stage (Vbuck) 
becomes a full-wave rectified voltage referenced to 
VBAT as shown in Fig. 1 . 

Lamp current is sensed directly with Rs and a parallel 
diode on each half cycle. The resulting voltage across 
the sense resistor Rs is kept at a 1 .5V average by the 
error amplifier, which in turn controls the duty cycle of 
Sbuck- The buck converter typically operates in con- 
tinuous current mode but can operate with discontinu- 
ous current as the CCFL is dimmed. 

Typical Design Procedure 

A notebook computer backlight circuit will be presented 
here to illustrate a design based on the UCC3972 con- 
troller. The converter will be designed to drive a single 
cold cathode fluorescent lamp (CCFL) with the follow- 
ing specifications: 


Table 1. Lamp Specifications 


Lamp Length 

250mm (10”) 

Lamp Diameter 

6mm 

Striking Voltage (20C) 

1000V (peak) 

Operating Voltage (5mA) 

375V (rms) 

Full Rated Current 

Full Rated Power 

5mA 

1 .9 watt 


Input Voltage Range 

The notebook computer will be powered by a 4 cell 
Lithium-Ion battery pack with an operational voltage range 
of 10V to 16.8V. When the pack is being charged, the back 
light converter is powered from an AC adapter whose DC 
output voltage can be as high as 22 V. 

Resonant Tank and Output Circuit 

The selection of components to be used in the resonant 
tank of the converter is critical in trading off the electrical 
and optical efficiencies of the system. The value of the out- 
put circuit’s ballast capacitor plays a key role in this trade- 
off. The voltage across the ballast capacitor is a function of 
the resonant frequency and secondary lamp current: 

\/ _ Ilamp (1) 

V Qfl — 

2 • 7i • C BALLAST • F resonant 

A voltage drop across Cballast many times the lamp volt- 
age will make the secondary current insensitive to distor- 
tions caused by the non-linear behavior of the lamp, 
providing a high impedance sinusoidal current source with 
which to drive the CCFL. This approach improves the opti- 
cal efficiency of the system, as capacitive leakage effects 
are minimized due to reduced harmonic content in the volt- 
age waveforms. Unfortunately, from an electrical efficiency 
standpoint, an increased tank voltage produces increased 
flux losses in the transformer and increased circulating 
currents in the tank. In practice, the voltage drop across 
the ballast capacitor is selected to be approximately twice 
the lamp voltage (750Vin our case) at rated lamp current. 
Assuming a 50kHz resonant frequency and 5mA operating 
current, a ballast capacitance of 22pF is selected. Since 
the lamp and ballast capacitor impedances are 90 degrees 
out of phase, the vector sum of lamp and capacitor volt- 
ages determine the secondary voltage on the transformer. 

Vsec = a/ ( v cb ) 2 + ( v lamp) 2 ® 

The resulting secondary voltage at rated lamp current is 
840V. Since the capacitor dominates the secondary imped- 
ance, the lamp current maintains a sinusiodal shape de- 
spite the non-linear behavior of the lamp. As the CCFL is 
dimmed, lamp voltage begins to dominate the secondary 
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APPLICATION INFORMATION (cont.) 

impedance and current becomes less sinusiodal. 
Transformer secondary voltage is reduced, however, 
so high frequency capacitive losses are less pro- 
nounced. The value of ballast capacitor has no effect 
on current regulation since the average lamp current is 
sensed directly by the controller. 

Once the ballast capacitor is selected, the resonant fre- 
quency of the push-pull stage can be determined from 
the transformer’s inductance (L), turns ratio (N), and the 
selection of resonating capacitor (Ores)- 

F resonant = (3) 

1 

J L primary (pRES +(N 2 • C BALLAST )) 

Output distortion is minimized by keeping the independ- 
ent resonant frequencies of the primary and secondary 
circuits equal. This is achieved by making the resonant 
capacitor equal to the ballast capacitance times the 
turns ratio squared: 

Cres =N 2 • C BALLAST = (67 ) 2 • 22 pF = 0 .1 (iF (4) 

The Coiltronics transformer selected for this application 
produces a of primary inductance of 44jnH. 

The resulting resonant frequency is about 50kHz, this 
frequency will vary depending upon the lamp load and 
amount of stray capacitance in the system. 

Efficiency Considerations for the Resonant Tank 
and Output Circuit 

Since high efficiency is a primary goal of the backlight 
converter design, the selection of each component 
must be carefully evaluated. Losses in the ballast ca- 
pacitor are usually insignificant, however, its value de- 
termines the tank voltage which influences the losses in 
the resonant capacitor and transformer. Since the reso- 
nant capacitor has high circulating currents, a capacitor 


with low dissipation factor should be selected. Power loss 
in the resonant tank capacitor will be: 

(5) 

C RES_LOSs( watts ) = 

(Ctank ) 2 • 2tt • Fresonant *Cres • Dissipation Factor 

Polypropylene foil film capacitors give the lowest loss; me- 
talized polypropylene or even NPO ceramic may give ac- 
ceptable performance in a smaller surface mount (SMT) 
package. Table 2 gives possible choices for the resonant 
and high voltage ballast capacitors. 

The transformer is physically the largest component in the 
converter, making the tradeoff of transformer size and effi- 
ciency a critical choice. The transformer’s efficiency will be 
determined by a combination of wire and core losses. A 
Coiltronics transformer (CTX1 10600) was chosen for this 
application because of its small size, low profile, and over- 
all losses of about 5% at 1W. 

Wire losses in the transformer are determined by the RMS 
current and the ESR of the windings. The primary winding 
resistance for the Coiltronics transformer is 0.1 6£1 The 
RMS current of the primary winding includes the sinusoi- 
dal resonant current and the DC buck current on alternate 
half cycles (i.e. only 1/2 of the primary winding sees the 
buck current depending upon which transistor is on). 
Maximum resonant current is equal to: 

i RES = Ymm ■ = _J4o = 600mA ( 6 ) 

P PRIMARY gy # I 44 

V Cres v 0 - 1 

Buck inductor current is calculated in the next section. The 
secondary winding has 1760 of resistance.The secondary 
current is simply the lamp current 

Transformer core losses are a function of core material, 
cross sectional area of the core, operating frequency, and 


Table 2. Capacitor Selection 


Manufacturer 

Capacitance Type 

Series 

Dissipation Factor 
(1kHz) 

Ballast Capacitor I 

Cera-Mite (414) 377-3500 

High Voltage Disk Capacitor (3kV) 

564C 


NOVA-CAP (805) 295-5920 

SMT 1808 (3kV) 

COG 


Murata Electronics 

SMT 1808 (3kV) 

GHM 


Resonant Capacitor I 

Wima (914)347-2474 

Polypropylene foil film FKP02 

FKP02 

0.0003 

Metalized Polypropylene 

MKP2 

0.0005 

SMT Metalized polyphenylene-sulfide 

MKI 

0.0015 

Paccom (800)426-6254 

SMT Metalized polyphenylene-sulfide 

CHE 

0.0006 

NOVA-CAP 

SMT Ceramic 

COG 

0.001 
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voltage. For ferrite material, the hysteresis core losses 
increase with voltage by a cubed factor; for a given core 
cross sectional area, doubling the tank voltage will cause 
the losses to increase by a factor of 8. 


Other elements influencing the resonant tank and output 
circuit efficiency include the push-pull transistors, the 
base drive and sense resistors, as well as the lamp. 
High gain, low VCESAT bipolar transistor such as Zetek’s 
FZT849 allow high efficiency operation of the push-pull 
stage. These SOT223 package parts have a typical cur- 
rent transfer ratio (hFE) of 200 and a forward drop (VCE- 
SAT) of just 35m V at 500mA. Rohm’s 2SC5001 
transistors provide similar performance. For low power, 
size sensitive applications, a SOT23 transistor is avail- 
able from Zetek (FFMT619) with approximately twice the 
forward drop at 500mA. The base drive resistor Rb is 
sized to provide full VCE saturation for all operating con- 
ditions assuming a worst case hFE. For efficiency rea- 
sons, the base resistor should be selected to have the 
highest possible value. A 1k£2 resistor was selected in 
this application. Losses scale with buck voltage as: 


LOSS 


RB(watts) 


( Vbuck ) 2 


(7) 


The current sense resistor Rs provides direct control of 
lamp current. Since the current sense resistor voltage is 
controlled to a 1 .5 V reference, its power loss is inversely 
proportional to its value at a given lamp current. Finally, 
the efficiency of the lamp is typically not included in dis- 
cussions about the electrical efficiency of the system. 
Electrical to optical efficiency of the lamp is discussed in 
a later section titled Cold Cathode Fluorescent Lamp 
Characteristics. 

Synchronizing the Stages 

An internal comparator at the BUCK node is used to syn- 
chronize the PWM buck frequency to twice the resonant 
tank frequency. Synchronization is accomplished with a 
sync pulse that is generated each time the BUCK node 
voltage is within 0.75Vof VBAT; the UCC3972 uses this 
sync pulse to reset the PWM oscillator’s saw-tooth ramp. 
The sync circuit will operate with PWM frequencies be- 
tween 66kHz and 200kHz, corresponding to a 33kHz to 
100kHz tank frequency. If the resonant frequency of the 
tank is outside of this range, the PWM frequency will run 
asynchronous. 

Buck Stage 


The PWM output controls current in the buck inductor. 
The UCC3972’s buck power stage differs from a tradi- 
tional buck topology in a few respects: 

• The topology is inverted using a ground referenced 
N-Channel MOSFET rather than a VDD referenced 
P-Channel. 

• The output voltage is a full wave rectified sinewave at 
the switching frequency, rather than DC. 

Referring back to Fig. 1 , when OUT turns Sbuck on, the 
buck node voltage VBUCK is placed across the inductor. 
This voltage is typically positive and current ramps up in 
the inductor (it is possible for the BUCK node voltage to 
go negative if VBAT is low and the lamp current is near 
maximum). When Sbuck is turned off, VBAT— 
VBUCK+VDBUCK is placed across the inductor with op- 
posite polarity. As with any buck converter, the 
volt-seconds across the inductor must be reversed on 
each switching cycle to maintain constant current. The 
duty cycle (D) relationship is complicated somewhat by 
the fact the output voltage is changing within a switching 
cycle. The equations below determine the relationship 
between on and off times in continuous conduction mode 
where T is the switching period, D = toi/T", and toFF = 
T-toN- 

V T r ( 8 ) 

J Vbuck *dt= ( VBAT - V BUCK +V D ).dt 

L 


Selecting the Buck Inductor 

Maximum ripple current on the inductor occurs when 
lamp current and input voltage are at a maximum. 


V BUCK(avg ) ~ V BAT ~ 
840 #V2 


V< 


SEC 


>V2 


(9) 


= \4 


67 • 7i 


N •% 

= V BAT -5.6 •Volts 


The approximate on time using the maximum 22V input 
voltage (V B uck (avg) =1 0.4), a 100kHz switching fre- 
quency (two times the resonant frequency), and ignoring 
the diode drop can be calculated from the following: 

t 0N _ VBAT ~ V BUCK(avg ) (10) 

T ~ t ON V BUCK(avg ) 


The resulting on time is 2.5 microseconds. A 150}iH in- 
ductor will result in a peak to peak ripple current of 
280mA. Average inductor current (with maximum lamp 
current) can be calculated by taking the lamp power di- 
vided by the tank efficiency and the RMS buck voltage. 
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I BUCK ~ 

V lamp # f lamp ^ m 2 • N 375 • 0 .005 • 2 • 67 
Efficiency ) V SEC 0.9*840 

= 330 mA 

The resulting inductor ripple is less than 50%. A list of 
possible inductors are given below along with ESR and 
current rating (losses in the inductor are calculated with 
RMS current). 


Table 3. Inductor Suppliers 


Vendor 

L 

Part Number 

ESR 

Current 

Rating 

Coilcraft 
(847) 639-6400 

150pH 

D03316-154 

0.38 

1 A 

Coiltronics 
(407) 241-7876 

1 50|lxH 

CTX150-4 

0.175 

0.72A 

Sumida 

(847) 956-0666 

150JIH 

CDR125-151 

0.4 

0.85A 


The choice of a MOSFET for the buck switch should take 
into consideration conduction and switching losses. The 
RdsoN and gate charge are typically at odds, however, 
where minimizing one will typically result in the other in- 
creasing. An International Rectifier IRFL014 was se- 
lected (SOT-223 package) in this application with a gate 
charge of IlnC and RdsoN of 0.2a. A Schottky diode 
should be used for the buck diode in order to minimize 
forward drop. 

Dimming Techniques 

Analog Dimming 

A control circuit that implements analog dimming with a 
potentiometer (Radj) is shown in Fig. 2. Average lamp 
current is controlled by adjusting R A dj to the appropriate 
value. Resistor R L sets the low end dimming level of the 
lamp. When the secondary has a positive polarity cur- 
rent, D1 is reversed biased and lamp current is sensed 



(11) directly through R L and Radj- When the current re- 
verses direction, D1 conducts and the voltage on the 
sense node V is clamped to the forward drop of the di- 
ode. The resulting waveform at Vx is a half wave recti- 
fied sinusoid whose voltage is proportional to lamp 
current. This voltage is averaged by the feedback com- 
ponents (Rfb, C fb ) and held to 1.5V by the error ampli- 
fier when the control loop is active. The resulting voltage 
at the output of the error amplifier (COMP) sets the duty 
cycle of PWM stage. 

Digitally Controlled Analog Dimming 
Analog dimming control of the lamp can be achieved by 
providing a digital pulse stream from the system micro- 
processor as shown in Fig. 3. In this case the lamp cur- 
rent sense resistor (R1) is fixed and the VX node voltage 



Figure 3. Analog dimming control from micro- 
processor 


is averaged against the digital pulse stream of the micro- 
processor. The averaging circuit consists of R2, R3, and 
Cfb- A higher average value from the pulse stream will 
result in less average lamp current. If a D/A converter is 
available in the system, a DC output can be used in 
place of the pulse stream. 

Low Frequency Dimming 

Analog dimming techniques described previously can 
provide excellent dimming over a 10:1 range, depending 
upon the physical layout and the amount of stray capaci- 
tance in the backlight’s secondary circuitry. Beyond this 
level the lamp may begin to exhibit the “ thermometer ef- 
fect ’ causing uneven illumination across the tube. 

Low frequency dimming is accomplished by operating 
the lamp at rated current and gating the lamp on and off 
at a low frequency. Since the lamp is operated at full in- 
tensity when on, the system layout has little effect on 
dimming performance. The average lamp intensity is a 
function of the duty cycle and period of the gating signal. 


Figure 2. Analog dimmer with potentiometer. 
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Figure 4. Low frequency dimming with the UCC3972 
MODE pin. 

The duty cycle can be controlled to a low minimum 
value, allowing a very wide dimming range. Low fre- 
quency dimming can be implemented by using the 
MODE pin on the UCC3972 as shown in Fig. 4. 

Referring to Fig. 4, at time to the MODE pin is brought 
high, the UCC3972 is enabled and the voltage in the 
resonant tank begins to build. At time tl there is suffi- 
cient voltage for the lamp to strike and the feedback 
loop controls the lamp at rated current using a fixed 
current sense resistor. When the mode pin is brought 
low at time T2, the feedback loop opens (retaining the 
voltage on CFB) and the PWM output is disabled. The 
resonant tank voltage decays until the lamp extin- 
guishes. If the on time were extended to t3 the average 
lamp intensity would be increased accordingly, the next 
low frequency cycle begins at time t4. The time relation- 
ship between the resonant and gating frequency has 
been exaggerated so that the sinusoidal waveforms can 
be depicted. In order to avoid visible lamp flicker, the 
low frequency gating rate (t0-t4) should be greater than 
100Hz. To prevent “beat” frequency interference, it may 
be advantageous to synchronize the gating frequency 
to a multiple of the monitor scan rate of the LCD dis- 
play. This can be accomplished by controlling the 
MODE pin’s duty cycle with a timer routine within the 
LCD’s software program. 

Depending on the striking characteristics of the lamp, 
the open lamp detection circuit may need to be altered 
to accomodate low frequency dimming. The open lamp 
threshold can be increased by adding a resistive divider 
at the buck node. An RC delay network can be added to 
the MODE pin to slow the slew rate between IV and 3V. 
Finally, the open lamp protection can be disabled by re- 
stricting the MODE pin to toggle between 0V and 2V 
during frequency dimming. 


Striking the Lamp 

Before the lamp is struck, the lamp presents an imped- 
ance much larger than the ballast capacitor and the full 
output voltage of the transformer secondary is across the 
lamp. Since the buck converter must reverse the volt -se- 
conds on the buck inductor, the average tank voltage at 
the primary can be no greater than the DC input voltage. 
This constraint along with the turns ratio of the push-pull 
transformer sets the peak voltage available to strike the 
lamp: 

V STRIKE =N S:P * ^ * V INPUT 0 2 ) 

The Coiltronics transformer has a 67:1 turns ratio, giving 
2100 peak volts available to strike the lamp with the mini- 
mum 10V input. In our example this is more than sufficient 
for the 1000V required to strike the lamp. With the 22 V 
maximum charger input, the available striking voltage 
could theoretically reach 5000V! The possibility of break- 
ing down the transformer’s secondary insulation becomes 
a real concern at this voltage. Fortunately, in practice the 
lamp will strike within the first few cycles once sufficient 
voltage is developed on the secondary. Difficulty with strik- 
ing the lamp usually results from one or a combination of 
the following: 

• Insufficient transformer turns ratio or input voltage. 

• Increase in required striking voltage at cold temperature. 

• Transformer secondary voltage is reduced due to 
voltage division between parasitic secondary 
capacitance and the ballast capacitor. 

Open Lamp Protection / Detection 

Open lamp protection provides safety and will often protect 
the transformer and converter circuitry in the event of a 
broken or open circuited lamp. Referring to the Block Dia- 
gram, the UCC3972 monitors the BUCK pin voltage with 
respect to VBAT to determine if an open lamp has oc- 
curred. If this voltage exceeds 10V for seven consecutive 
PWM cycles, an open lamp will be declared and the con- 
verter will latch off until power to the part is cycled off and 
on. If the open lamp fault level needs to be increased, an 
appropriate resistive divider from VBAT to BUCK can be 
added. 

A capacitor on the MODE pin of the UCC3972 can be 
used to blank the open lamp protection circuitry during the 
initial lamp start-up. When the backlight is initially 
powered-up, a 20pA current out of the MODE pin charges 
the capacitor CMODE from ground potential. Since the 
PWM output is disabled when the MODE pin is between 
0V and IV, open lamp blanking occurs as CMODE is 
charged from IV to 3V, giving a soft start period of: 
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T ss =^o^_ Seconds (13) 

ss 10 - 6 


Voltage Regulator 

The UCC3972 controller contains an internal 18V shunt 
regulator that provides a 5% accurate voltage clamp for 
the MOSFET gate drive while allowing the controller to 
operate in applications with input voltages up to 25V. 
Since only the VBAT and BUCK pins are rated for 25V, 
the shunt regulator limits the voltage on the VDD and 
OUT pins to 18V. The MODE, CS, and COMP pin volt- 
ages are typically less than 5V. If the UCC3972 is to be 
used in an application with input voltages greater than 
18V, a resistor from VBAT to VDD is required to limit the 
current into the VDD pin. The resistor should be sized to 
allow sufficient current to operate the controller and drive 
the external MOSFET gate, while minimizing the voltage 
drop across the resistor. A bypass capacitor should be 
connected at the VDD pin to provide a constant operat- 
ing voltage. 

Selecting the Shunt Resistor 

The first step in selecting the shunt resistor is to deter- 
mine the current requirements for the application. With a 
100kHz switching frequency and a maximum gate 
charge of IlnC for the IRFL014 MOSFET, the gate drive 
circuit requires 1 .1mA of average current. The UCC3972 
requires an additional maximum quiescent current of 


1 .5mA. The shunt resistor must therefore supply 2.6mA 
of current over the operating voltage of the part. 

The application’s maximum input voltage is 22 V. With a 
regulator clamp voltage of 18V, the maximum value for 
the shunt resistor becomes 1.5kH [(22-18)V/2.6mA]. 
This resistor will minimize losses at maximum input volt- 
age, but could produce a 4 V drop (from VBAT to VDD) 
even when the regulator is not clamped. This drop re- 
duces the available gate drive voltage, leaving only 6V 
with the minimum input voltage of 10V. Since the effi- 
ciency of the shunt regulator is not of primary importance 
when the charger is running, a smaller value of shunt re- 
sistor is selected to improve the available gate drive volt- 
age. A 4700. shunt resistor will produce a maximum 1 .2V 
drop from VBAT to VDD when the shunt regulator is not 
clamped. When the regulator is clamped at 18V and the 
charger voltage is at its maximum of 22V, the power 
across the shunt resistor will be 35mW [(4V x 4V)/470]. 

Lamp Current Control Loop 

The control loop for the CCFL circuit is discussed in de- 
tail in Unitrode Application Note U-148 and is briefly re- 
peated here for completeness. A block diagram for the 
current control loop is shown in Fig. 5. 

The PWM modulator small signal gain is inversely pro- 
portional to the internal saw tooth ramp and proportional 
to the input voltage (the inductor’s current slope in- 
creases as VBAT increases). The resonant tank and 
buck inductor form a RLC filter at the center point of the 
push pull transformer. The effective L of the filter is domi- 
nated by buck inductor and the effective C is approxi- 
mately 8 times the resonant capacitor (Cres) value. This 
occurs because the reflected ballast capacitance is equal 



Figure 5. Current control loop block diagram. 
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to Cres and the equivalent capacitance at the push-pull 
center point is four times the capacitance across the 
tank. The equivalent resistance at the push-pull center 
point is equal to 1/4 the tank voltage squared divided by 
the lamp power. The corner frequency and Q of the filter 
are: 



q_ 2 • 71 • f filter * Lbuck 

R FILTER 


(15) 


The resulting gain of the RLC filter is unity below the 
15kHz corner frequency, peaking up at the corner fre- 
quency with Q, and rolling off with a 2-pole response 
above the corner frequency. As shown in Fig. 5, the 
transformer turns ratio provides a voltage gain and the 
output circuit (whose impedance includes the lamp and 
ballast capacitor) converts the voltage into a current. The 
current sense resistor produces a voltage on each half 
cycle, leaving the error amplifier as the final gain block. 

Loop gain is greatest at minimum lamp current and maxi- 
mum input voltage. With a 22V input, 2 V sawtooth, 375V 
lamp voltage, 1 mA lamp current, and Rsense at 1 kQ, the 
DC gain of the circuit is 2. The error amplifier is config- 
ured as an integrator, giving a single pole roll-off and a 
high gain at DC. The 200k feedback resistor and 1.8nF 
feedback capacitor give a total loop crossover of 1kHz, 


avoiding any possible stability problems with the Q of the 
resonant tank. 

Cold Cathode Lamp Characteristics 

Before beginning a CCFL converter design, it is impor- 
tant to become familiar with the characteristics of the 
lamp. The lamp presents a non-linear load to the con- 
verter resulting in unique voltage -vs- current (VI) charac- 
teristics. The length, diameter, and physical construction 
of the lamp determine its performance, and thus impact 
the design of the converter. Fig. 6 shows the VI charac- 
teristics collected from various lengths of 6mm diameter 
lamps, where Fig. 7 shows the characteristics of several 
3mm-diameter lamps. 

It is interesting to note how the operating and striking 
voltages (Vstrike) of the lamps are related to length as 
well as lamp diameter. Since equal length CCFLs of dif- 
ferent diameters have about the same lumens per watt 
efficiency, the smaller diameter lamps actually produce 
more light when driven at a given current since they op- 
erate at a higher voltage. The lamps have regions of 
positive and negative resistance with the voltage peaking 
at 4mA for the 6mm diameter lamps and at 1mA for the 
3mm diameter lamps. 

In order to successfully dim the lamp, the converter’s 
resonant tank and step up transformer must provide 
enough voltage to keep the lamp operating over the 
whole range of operating current, this requirement be- 
comes more difficult with longer length and smaller di- 



Figure 6. 6mm lamp characteristics. 



Figure 7. 3mm lamp characteristics. 
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ameter lamps. Since the lamp characteristics will vary 
with the manufacturing technique, it is a good idea to col- 
lect data from several lamp manufacturers and to include 
design margin for process variations. 

Since a fluorescent lamp is a pressurized gas filled tube 
(usually Argon and Mercury vapor), it shouldn’t be sur- 
prising that temperature plays a major role in the lamp 
characteristics. Fig. 8 depicts the variations in striking 
and operating voltage for a 150 x 3mm lamp over tem- 
perature, illustrating the importance of taking tempera- 



Figure 8. Temperature effects on voltage. 


ture effects into account when designing the converter. 
The lumen output of the backlight system is temperature 
dependent as well, and may need to be accounted for in 
applications requiring tight lumens regulation over a wide 
temperature range. Fig. 9 shows the temperature effects 
on lumens for the lamp operated at 5mA. 

Since lamp current is roughly proportional to luminosity, it 
may be tempting to operate the lamp at a RMS current 
higher than specified in the manufacturer’s data sheet. 
While the lamp will continue to operate tens of percent 
above the rated current, the luminosity gain becomes 



Figure 9. Temperature effects on lumens. 
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less pronounced as the lamp is over-driven as shown in 
Fig. 10. The expected life of the lamp will also degrade, 
as illustrated in Fig. 1 1 , when the lamp is operated above 
rated current. 


Cold Cathode Fluorescent Lamp Efficiency 

Although CCFLs offer high output light efficiency com- 
pared to other lamp types such as incandescent, only a 
percentage of the input energy is converted to light. As 
illustrated in Fig. 12, 35% of the energy is lost in the elec- 
trodes, 26% as conducted heat along the tube. A portion 
of the Ultra Violet energy gets converted into visible light 
by the lamp phosphor, where the remainder is converted 
into radiated heat. Finally, Mercury atoms convert 3% of 


UCC1972 
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the initial energy into visible light. The result is typically 
1 5% overall electrical to optical energy conversion in the 
lamp. 

In a practical backlight design, the physical spacing be- 
tween the lamp and high voltage secondary wiring with 
respect to the foil reflector and LCD frame can be tight. 
With this tight spacing, distributed stray capacitance will 
form as shown in Fig. 12. The stray capacitance causes 
leakage currents from the high voltage secondary to cir- 
cuit ground. Although the current through stray capaci- 
tance doesn’t directly translate into losses, the extra 
current through the transformer, primary resonant tank, 
and switching devices does. A poor layout with excessive 
stray capacitance can reduce system efficiency by tens 
of percent. 



Figure 12. Lamp life vs. current. 
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Abstract - This paper describes a zero voltage 
switched (ZVS) resonant converter for driving cold 
cathode fluorescent lamps. Primarily intended for 
liquid crystal display (LCD) back-lighting, the circuit 
features minimal component count and size. A 
specially designed integrated circuit provides all 
control functions for a current fed push-pull ZVS 
converter, and also contains an auxiliary pulse width 
modulated (PWM) controller to develop a 
programmable supply voltage for the LCD. Analysis 
and simulation of the converter, and a complete 
circuit schematic are presented. The analysis and 
simulation results are validated by experimental 
circuit waveforms and critical performance 
parameters. 


Introduction 

The proliferation of laptop and notebook 
computers places an ever increasing demand on 
display technology. High resolution and contrast 
are required to run today’s graphics based 
programs, increasing the conflict between 
display performance, size and efficiency. The 
LCD with cold cathode fluorescent back lighting 
best satisfies this design requirement, however 
the lamp and its high voltage AC supply still 
remain the major contributor to battery drain. 

The cold cathode fluorescent lamp (CCFL) 
requires 1-2 kV to fire. Sine wave drive is 
preferred to minimize RF interference and 
maximize lamp efficiency over time. Converter 
efficiency and size are extremely critical. These 
formidable requirements demand a highly 
efficient conversion topology and maximum 
circuit integration. 

A zero voltage switched resonant topology 
will maximize efficiency by eliminating losses 
associated with charging parasitic capacitances to 
high voltages. This topology can be controlled 


using discrete circuitry. The most common 
implementation is a Royer oscillator modified to 
provide ZVS operation. While this at first 
appears to be a good solution, and is commonly 
used today, it suffers from several limitations. 

High voltage DC to AC conversion is only 
part of the display supply. The average output 
current must be programmable for lamp 
intensity control, and the LCD requires a 
programmable low voltage supply for contrast 
adjustment. This additional circuitry, 
implemented discretely or with multiple ICs 
results in a large number of components, 
significantly impacting size and reliability. 
Synchronization is also preferred to eliminate 
beat frequency effects such as lamp intensity 
modulation, further complicating the design. 
Minimizing circuit complexity and bulk are best 
achieved through integration. 


Cold Cathode Lamp Characteristics 

The CCFL presents a highly nonlinear load 
to the converter as illustrated in fig. 1. Initially 
when the lamp is cold (inoperative for some 
finite time), the voltage to fire the lamp is 
typically more than three times higher than the 
sustaining voltage. The lamp characterized in 
fig. 1 fires at 1600V and exhibits an average 
sustaining voltage (V pj of 300V. Notice that the 
lamp initially exhibits a positive resistance and 
then transitions to a negative resistance above 
1mA. These characteristics dictate a high output 
impedance (current source) drive to suppress the 
negative load resistance’s effect and limit current 
during initial lamp firing. Since the ZVS 
converter has a low output impedance, an 
additional “lossless” series impedance such as a 
coupling capacitor must be added. 
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Fig. 1 Cold Cathode Lamp Current as a function of Voltage 
Vertical: 2mA/div. Horizontal: 200V/div. 


To facilitate analysis, the equivalent CCFL 
circuit shown in figure 2 is used. is the 
average lamp sustaining voltage over the 
operating range. The lamp impedance (RpJ is a 
complex function but can be considered a fixed 
negative resistance at the sustaining voltage. 
Stray lamp and interconnect capacitance are 
lumped together as Cpi_. 



Fig. 2 CCFL equivalent circuit 


ZVS Resonant Converter Topology 

The current fed push-pull converter shown 
in fig. 3 is driven at it’s resonant frequency to 
provide ZVS operation. The push-pull output 
MOSFETS (Q1 & Q2) are alternately driven at 
50% duty cycle. Commutation occurs as VI and 
V2 resonate through zero thereby insuring zero 
voltage switching. This virtually eliminates 
switching losses associated with charging 
MOSFET output and stray capacitance, and 
reduces gate drive losses by minimizing gate 
charge. 



Fig. 3 Current Fed Push-Pull ZVS Resonant Converter 

Current is supplied to the push-pull stage by 
a buck regulator (Q3). The control circuitry 
forces the average voltage across the current 
sense resistor (R8+R5) and rectifier (D2) to equal 
a reference voltage. Adjusted R8 varies the 
current and the lamp’s brightness. The non- 
linearity introduced by D2 is insignificant since 
RS is adjusted for a particular brightness with no 
concern of the actual current level. 

Winding inductance, L R , and C R , the 
combined effective capacitance of C7 and the 
reflected secondary capacitances make up the 
resonant tank. The secondary side of the 
transformer exhibits a symmetrical sine wave 
voltage varying from about 300V to 1500V peak. 
Capacitor C6 provides ballasting and insures that 
the converter is only subjected to positive 
impedance loads. 


Waveform Analysis 

Simulated converter voltage and current 
waveforms are shown in fig. 4. At time to, the 
primary current (II & 12) has reached it’s peak 
value. The push-pull drain voltages (VI & V2) 
have resonated to zero. The primary voltage (V3) 
has also resonated to zero, and through the 
control circuitry commutated Q1 off and Q2 on. 
The energy stored in L l( is also at it’s peak. This 
energy is transferred from L R to the effective 
resonant capacitance (Cr) during time to to tj, 
causing C R 's voltage to sinusoidally increase. 
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Fig. 4 Converter Voltage and Current Waveforms 



Fig. 5 Simplified converter model 


At time t t , all of the inductive energy in L R 
has transferred to C R , resulting in zero current 
through L R and maximum voltage across C R . 
From time t T to t 2 , the energy transfers from C R 
back to L r , decreasing C R ’s voltage while L R 's 
current increases. 

The resonant current through L R at time t, is 
equal and opposite to it’s value at V The 
reflected load current flows during the MOSFET 
on time, and is observed as a slight current 
amplitude asymmetry. The voltages at VI, V2, 
and V3 have resonated back to zero, causing the 
control circuitry to commutate Q2 off and Q1 on. 
The cycle continues symmetrically during the t 2 
through t 4 interval, producing fully sinusoidal 
voltage and current waveforms. 


capacitance is also reflected by the square of the 
turns ratio (n). Reflected winding capacitance is 
usually significant due to the high turns ratios 
typically employed. The buck stage operates in 
continuous current mode and is synchronized to 
the push-pull stage. 

Lamp current is proportional to lamp 
intensity, and is used as the feedback variable. 
Buck current (I,) is the response variable, which 
in turn regulates the average push-pull primary 
voltage. The coupling capacitor’s high impedance 
transforms the secondary voltage to lamp 
current. 



Control Equations 


Simplified Converter Model 

The converter model shown in fig. 5, which 
is valid for one half cycle simplifies analysis by 
reflecting all impedances to the primary and 
eliminating the transformer. The differential 
voltage developed across the push-pull stage 
primary (V1-V2) exhibits twice the voltage 
excursion as the center-tap (V3). This reflects C7 
to V3 through the turns ratio squared, resulting 
in 4(C7) at V3. The secondary winding 


Variable Summary: 

C R = Effective resonant tank capacitance 
C w = Secondary interwinding capacitance 
F l = Average lamp voltage 
I B = Average Buck output current 
L r = Primary Winding Inductance 
n = Transformer turns ratio 
2^ = Secondary impedance 

Fig. 6 shows the buck output stage and 
forced output voltage waveform. The output 
voltage is a rectified sine wave, corresponding to 
the synchronous, resonant push-pull stage input 
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voltage. The inductor output configuration 
exhibits high impedance at the resonant 
frequency and averages the output voltage 
throughout the cycle. The buck output voltage as 
a function of time is: 

VJ,t) = V p sin(o)f) 


The peak primary voltage is also related to 
peak lamp current by: 

y - ^FL(peakl) ^soc^ * ^FL (2) 

p n 


Where the angular frequency is: 


W 2n 
“ 2 '. 


_7C 



Fig. 6 Buck converter stage 

The volts- second product across the inductor 
must be zero during steady state. Setting the on 
and off volt-second products equal and 
integrating gives the buck’s transfer function: 

V M = 




dt 


V p = -Vi D (i) 

p 2 


This transfer function is identical to the familiar 
DC output buck transfer function, with the it / 2 
term accounting for peak versus average output 
voltage. As with the DC buck, primary voltage 
varies linearly with duty-cycle. 


Setting (1) and (2) equal and solving for IpL(avg) 
expresses lamp current as a function of duty- 
cycle: 


2 V FL 

DV t n- ^ 


l FL(i tog) 


( 3 ) 


As expected from fig. 5, the lamp sustaining 
voltage, V pl introduces a nonlinearity. 

Buck output current is related to lamp 
current be equating input and output powers. 
The input power is: 


■ 3j>* 

= — r a I V„sin(f)dr 

n/2Jo F 


‘ input 


2 1* V p 


The power to the load is: 

^ out ~ V FL I FL ( av 8) 


For analytical purpose, 100% power transfer is 
assumed: 



^FL 1 FUavg ) 


21 V 

2 ,I B V P 

n 
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it/ V 

l - FUayg) FL 

B ' 2V b 


(4) 


Substituting (2) for V p in (4) gives the buck 
output current as a function of lamp current: 




n V. 


FL 


z + 

300 H /, 


FL 


FKflvg) 


(5) 


The resonant frequency is approximately: 

h * ( 6 ) 

2 TZ yjL R C R 


The nonlinearity introduced by Vp^ causes 
the resonant frequency to vary with load. At 
very low lamp intensity the secondary voltage 
barely crests above V^. The effective resonant 
capacitance, C R , is primarily the sum of C7 and 
C w reflected to the primary. As the secondary 
voltage increase above the reflected C6 value 
adds to the resonant capacitance, decreasing the 
frequency. The frequency range is approximated 
by assuming C6 has negligible effect at 
minimum lamp intensity, and fully adds to C R at 
maximum intensity. 

The peak resonant inductor current is the 
sum of the reflected load current from (5) and 
the resonant current: 


luHptak) 



(7) 


The tank impedance is determined by setting the 
resonant energy storage terms equal: 



Although relatively large currents are circulated 
through the resonant tank, the switches operate 
at low current levels. This is a direct result of the 
continuous resonant topology; the switches only 
must handle the energy that is removed by the 
load and lost in parasitics. The peak switch 
current is: 


*sw(peak) 


h 


(9) 


The UC3871 

A Completely Integrated Solution 

Fig. 7 shows a complete application circuit 
using the UC3871 Synchronous Resonant 
Fluorescent lamp and LCD driver. The IC 
provides all drive, control and housekeeping 
functions to implement CCFL and LCD 
converters. The buck output voltage (transformer 
center-tap) provides the zero crossing and 
synchronization signal. The LCD supply 
modulator is also synchronized to the resonant 
tank. 

The buck modulator drives a P-channel 
MOSFET directly, and operates over a 0-100% 
duty-cycle range. The modulation range includes 
loo%, allowing operation with minimal 
headroom. The LCD supply modulator also 
directly drives a P-channel MOSFET, but it’s 
duty-cycle is limited to 95% to prevent flyback 
supply foldback. 



Solving for V R /I R gives the tank impedance: 


"tank 


2L 


(8) 


Fig. 8 UC3871 Oscillator Block Diagram 

The Oscillator and synchronization circuitry 
are shown in fig. 8. The oscillator is designed to 
synchronize over a 3:1 frequency range. In an 
actual application however, the frequency range 
is only about 1.5:1. A zero detect comparator 
senses the primary center-tap voltage, generating 
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a synchronization pulse when the resonant 
waveform falls to zero. The actual threshold is 
0.5 volts, providing a small amount of 
anticipation to offset propagation delay. 

The synchronization pulse width is the time 
that the 4mA current sink takes to discharge the 
timing’ capacitor to 0.1 volts. This pulse width 
sets the LCD supply modulator minimum off 
time, and also limits the minimum linear control 
range of the buck modulator. The 200pA current 
source charges the capacitor to a maximum of 
3 volts. A comparator blanks the zero detect 
signal until the capacitor voltage exceeds 1 volt, 
preventing multiple synchronization pulse 
generation and setting the maximum frequency. 
If the capacitor voltage reaches 3 volts (a zero 
detection has not occurred) an internal clock 
pulse is generated to limit the minimum 
frequency. 

A unique protection feature incorporated in 
the UC3871 is the Open Lamp Detect circuit. An 
open lamp interrupts the current feedback loop 
and causes very high secondary voltage. 
Operation in this mode will usually breakdown 
the transformer’s insulation, causing permanent 
damage to the converter. The open lamp detect 
circuit, shown in fig. 9 senses the lamp current 
feedback signal at the error amplifiers input, and 
shuts down the outputs if insufficient signal is 
present. Soft-start circuitry limits initial turn-on 
currents and blanks the open lamp detect signal. 



Fig. 9 Open Lamp Detect Circuit 

Other features are included to minimize 
external circuitry requirements. A logic level 
enable pin shuts down the IC, allowing direct 
connection to the battery. During shut-down, the 
IC typically draws less than lOOnA. The UC3871, 
operating from 4.5V to 20V, is compatible with 
almost all battery voltages used in portable 
computers. Under- voltage lockout circuitry 


disables operation until sufficient supply voltage 
is available, and a 1% voltage reference insures 
accurate operation. Both inputs to the LCD 
supply error amplifier are uncommitted, 
allowing positive or negative supply loop closure 
without additional circuitry. The LCD supply 
modulator also incorporates cycle-by-cycle 
current limiting for added protection. 


Application Circuit Example 

The application circuit shown in fig. 7 
resonates at approximately 50khz. This frequency 
allow a reasonable compromise between size and 
efficiency. This relatively low frequency by 
today’s standards, results from high voltage 
insulation and spacing requirements, and 
practical limitations in reducing stray and 
interwinding capacitance. The half wave current 
sense signal is sensed by Error Amp 1 and 
averaged by integral compensation. The range 
of current control is 500pA to 10mA. 

A flyback converter generates the LCD 
supply, outputting -12V to -24V to bias 
monochrome LCDs. Color displays normally 
require a positive bias voltage. Since this voltage 
typically must also be stepped up, a coupled 
inductor flyback is normally used. 

Actual circuit waveforms agree with the 
spice simulated waveforms in fig. 4. Distortion 
caused by lamp nonlinearity is clearly visible at 
the operating extremes. At more nominal levels, 
the waveforms are more ideal, with only a small 
amount of observable distortion. 

All of the following waveforms were taken 
at minimum and maximum lamp intensity to 
indicate worst case conditions. Nominal 
measured efficiency was 80%. Further 
improvement is possible with lower resistance 
magnetics and lower on resistance MOSFETs. 
Fig. 10 shows secondary output voltage, fig 11 
shows lamp voltage, and fig. 12 shows lamp 
current. Notice that the lamp voltage is fairly 
constant with widely varying current. A 
frequency shift from about 48kHz to 57kHz is 
also observed over the lamp intensity range. The 
lamp current exhibits additional harmonics 
induced by it’s nonlinearity. Push-pull MOSFET 
drain to source voltage is shown in fig. 13, and 
drain current is shown in fig. 14. The 
transformer center-tap voltage (buck output) is 
shown in fig. 15. All waveforms are sinusoidal, 
exhibiting minimal harmonic content. 
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Fig. 10 secondary output voltage 
vertical: 500V /div. Horizontal: 5ps/div. 



Fig. 11 lamp voltage 

Vertical: 200V /div. Horizontal: Sps/div. 



Fig. 12 Lamp current 

Vertical: 10mA /div. Horizontal: 5ps/div. 

500^1 A /div. 



Fig. 13 Push-Pull MOSFET drain to source voltage 
vertical: 10V /div. Horizontal: 5ps/div. 



Fig. 14 Push-pull MOSFET drain current 
Vertical: 200mA /div. Horizontal: 5t»/div. 



Fig. 15 Buck output voltage 

Vertical: 200mA /div. Horizontal: 5*is/div. 


Summary 

The current fed push-pull ZVS 
converter efficiently develops high 
voltage, sinusoidal power for driving 
cold cathode fluorescent lamps. Design 


equations have been derived, and 
verified experimentally, simplifying 
application circuit design and 
analysis. The UC3871 provides a complete 
solution for high performance back-light and 
LCD power supplies. 
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DIMMABLE COLD-CATHODE FLUORESCENT LAMP 
BALLAST DESIGN USING THE UC3871 


ABSTRACT 

This application note describes how to design a resonant cold-cathode fluorescent lamp converter and 
liquid crystal display (LCD) bias supply using the UC3871. A design method is presented and an example 
circuit is designed. Practical considerations regarding component selection and layout are discussed, and 
performance results are shown. 


DESIGN CONSIDERATIONS 

The UC3871 provides a complete power supply 
control solution for backlit LCDs that are typically 
used in laptop and notebook computers, and 
portable instrumentation. These applications 
require an adjustable high voltage AC current 
source to drive a cold cathode fluorescent lamp 
(CCFL) and an adjustable low voltage DC supply 
to bias the LCD. The UC3871 provides all control 
functions for these two supplies and also incorpo- 
rates protection and synchronization circuitry. A 
low power shut-down input places the entire circuit 
into a very low current standby mode to reduce 
battery drain in portable systems and eliminate the 
need for a low-drop series switch. 

The power circuitry illustrated in figure 1 consists 
of three sections: 

1 . A pulse width modulated (PWM) buck regu- 
lator to provide a variable, regulated voltage 

2. A zero voltage switched (ZVS) resonant 
push-pull converter to transform the vari- 
able, regulated voltage to a high voltage 
AC output 

3. A PWM flyback regulator to generate a 
variable DC voltage to bias an LCD 

The buck and flyback regulators are synchronized 
to the ZVS push-pull converter, which free runs at 
its resonant frequency. Unitrode application note 
U-141 also covers the UC3871, along with further 
description and analysis of this topology and the 
application’s requirements. 


Most potential applications for the UC3871 are 
sensitive to both size and efficiency. EMI genera- 
tion is also critical because only limited shielding is 
possible. The size/efficiency trade off is primarily in 
the magnetics, with the high voltage transformer by 
far the single most critical component. The design 
therefore must begin with an assessment of the 
performance and size goals, and their impact on 
the transformer design. In general, higher frequen- 
cies are preferred to minimize the size of the buck 
and flyback regulator magnetics, but excessively 
high frequencies will cause significant efficiency 
degradation. 

DESIGN PROCEDURE 

The ZVS resonant push-pull converter is designed 
first, and then the buck regulator and LCD bias fly- 
back converter since both of these circuits are 
dependent on the push-pull converter. Resonant 
push-pull converter design requires an iterative 
approach because almost all of the variables are 
interdependent. A few initial variables come from 
the lamp and application specifications. These are 
normally the lamp starting voltage, operating volt- 
age, and operating current, and the input supply 
voltage range. The desired resonant frequency is 
then chosen in order to calculate the remaining 
variables. 

To help illustrate the design procedure, the follow- 
ing design example is presented which is typical of 
what a small computer would use for LCD power 
and back lighting. The application requirements are 
as follows: 
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VOLTAGE 

FEEDBACK 



-Vout 


PWM FLYBACK REGULATOR 


Figure 1 . The power circuitry consists of three sections. 


Input Voltage Range (Vin) 

4.5V to 18V 

LCD Bias Supply: 


Output Voltage (Vied) 

-12V to -24V 

Output Current (lied) 

25mA 

Fluorescent Lamp Ballast: 


Starting Voltage (Vlamp) 

900V (peak) 

Operating Voltage (Vlamp) 

350V (peak) 


Operating Current (llamp) 0.5mA to 5mA (avg.) 

The desired minimum resonant frequency is 50kHz 
so that the buck and flyback operating frequency 
will be at least 100kHz. At this frequency, switching 
losses will be low. Increasing the frequency will 
allow smaller magnetics, but efficiency will most 
likely suffer. The complete schematic of the design 
example circuit is shown in figure 2. 


ZVS RESONANT PUSH-PULL CONVERTER 

The minimum input voltage and maximum lamp 
starting voltage determine the minimum trans- 
former turns ratio. After calculating the initial trans- 
former parameters, the turns ratio should be 
checked to make sure that full load current can be 
developed at the minimum input voltage. The mini- 
mum turns ratio is then: 

Ns > Vstart(peak) 

Np 7lVlNmin 

> 900 

4.5tc 

>64 

Note that this ratio relates the entire primary wind- 
ing to the secondary. Sometimes the turns ratio is 
specified to relate one-half of the primary winding 
(end to center-tap) to the secondary. 
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Figure 2. Complete circuit schematic. 



A nominal ballast capacitor (Cb) value is calculat- 
ed by setting the voltage across the ballast capac- 
itor approximately twice the lamp sustaining volt- 
age. This is an arbitrary relationship which serves 
as a starting point. Dropping a large voltage across 
the ballast capacitor voltage gives the converter a 
high output impedance and makes the converter 
relatively insensitive to the lamp’s highly nonlinear 
impedance. Unfortunately, it also increases the cir- 
cuit’s losses. Tradeoffs between circuit size, distor- 
tion, and efficiency are governed by this compo- 
nent, so further iterations will usually result in a dif- 
ferent final value. Setting the ballast capacitor’s 
voltage equal to twice the lamp voltage at maxi- 
mum current and minimum resonant frequency 
gives the value for Cb: 


VCB = 


Ilamp 

2tiFCb 


= 2Vlamp 


Cb = 


Ilamp 

4tcFVlAMP 


( 2 ) 


0.005 

4ji(50 • 10 3 )(222) 

= 36pF 

High secondary voltage and turns ratio result in 
poor coupling between the transformer’s primary 
and secondary windings resulting in high leakage 
inductance. Capacitors across both the primary 
and secondary windings form two loosely coupled 
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parallel resonant circuits. To minimize output dis- 
tortion, the independent primary and secondary 
resonant frequencies should be approximately the 
same. This requirement establishes a desired rela- 
tionship between the primary (Cp) and secondary 
(Cs) capacitance: 

<>=(j|) 2 Cs (3) 

= (64) 2 (36.10' 12 ) 

= 0.15(iF 


source from the buck regulator during one-half of 
the cycle. The primary voltage must be calculated 
first in order to determine the primary resonant cur- 
rent: 

Vp = ^Vs (5) 

Np 

= ^ \ J Vcb 2 + Vlamp 2 
Ns v 

= V (700) 2 + (350) 2 


The majority of the secondary capacitance comes 
from the series connected lamp and ballast capac- 
itor. The lamp appears as an AC short circuit for 
much of the cycle, making the equivalent capaci- 
tance a little less than the ballast capacitor value. 
Distributed winding capacitance, stray PC board 
and lamp wiring capacitance contribute to the 
small secondary capacitance. Setting the load 
capacitance equal to the ballast capacitor value is 
therefore a reasonable initial estimate. Distributed 
transformer winding and stray capacitance are 
ignored for initial calculations. Parasitic capaci- 
tances have negligible effect on the primary capac- 
itance since its value is several orders of magni- 
tude larger than on the secondary. 


With the independent primary and secondary res- 
onant tank frequencies approximately equal, the 
secondary circuitry is reflected to the primary, 
allowing treatment as a single resonant tank. With 
both the primary and secondary resonant tanks set 
to the same frequency, the equivalent resonant 
capacitor (Cr) is simply twice Cp. The primary 
inductance is then calculated to give the desired 
resonant frequency: 


Lp = 


1 


(4) 


1 

(2tc50 • 10 3 ) 2 (0.3 • 10' 6 ) 


= 34jxH 


Primary and secondary RMS currents are then cal- 
culated to determine maximum acceptable trans- 
former winding resistances. The secondary current 
is mostly lamp current, although the currents to 
drive distributed winding and stray wiring capaci- 
tances are also factors. For now we will ignore 
these parasitic effects, since in most cases the 
additional loss they cause will not be enough to 
significantly alter the transformer design. 

Each half of the primary winding sees an asym- 
metrical sinusoidal current which is the sum of the 
primary resonant current and the input current 


= 12.2V(peak) 


The primary resonant current is then: 


Ir = 


VP 

Zp 



Vp 

Tp" 

Cp 


( 6 ) 



12.2 

34 

0.15 


= 0.810A(peak) 


The buck regulator current is calculated by equat- 
ing input and output power while assuming 90% 
efficiency for the push-pull stage: 


Pin = 


Pout 

0.9" 


(7) 


_ Vlamp(rms) Ilamp(rms) 
0.9 

_ (248)(5.55 *10~ 3 ) 

0.9 

= 1 .53W 


The buck regulator sources current to the push-pull 
stage through the primary winding’s centertap. The 
average voltage at this point is one-half of the total 
primary voltage. The average buck regulator output 
voltage is therefore one-half the average primary 
voltage calculated in (5): 

Vbuck = — (8) 

n 

_ 12.2 
n 

= 3.88V (avg) 
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The buck output current is then: 

Ibuck = — — (11) 

Vbuck 

= 1-53 
3.88 

= 0.394A 

During the first half of the resonant cycle, one-half 
of the primary winding conducts the resonant cur- 
rent, while the other half of the primary winding 
conducts the sum of the resonant current and the 
buck regulator current. During the second half of 
the cycle the conditions reverse such that both 
halves of the primary conduct the same asymmet- 
rical current 180 degrees out of phase from each 
other. A close approximation of the primary current 
is made by simply adding the average value of the 
buck output current to the peak resonant current 
for one-half of the cycle, and calculating the rms 
value as an asymmetrical sinewave: 

Ipri = -y/(|)g + (lR + ^c K y (12) 




2 + ( 0.810 + 0.394 


= 0.725A(rms) 


CTX1 10600-1 specifications: 

Primary Inductance 44mH 

Ns/Np 67 

Primary Resistance 0.160 ohms 


Secondary Resistance 176 ohms 

The CTX1 10600-1 employs a unique method of 
secondary winding termination. The secondary 
return lead terminates at the primary centertap, 
making it unnecessary to insulate it from the rest of 
the winding. Distributing the secondary across sev- 
eral sections of a multi-section bobbin also elimi- 
nates insulation between winding layers. The sec- 
ondary current has negligible effect on the primary 
since its value is roughly two orders of magnitude 
smaller than the primary current. This connection 
scheme does add a small amount of asymmetry to 
the secondary voltage waveform, but again, this 
effect is negligible. 


To design with an existing transformer, the equa- 
tions are rearranged to calculate the nominal 
capacitor values, or the capacitor values are rec- 
ommended by the transformer manufacturer. 
Some experimentation is usually necessary, 
regardless of how the initial paper design is done, 
to achieve the optimum circuit for a particular appli- 
cation. 


PUSH-PULL TRANSFORMER 

All parameters necessary to design the trans- 
former are now known and an initial design can be 
started. Optimal transformer design for this appli- 
cation is beyond the scope of this paper. The addi- 
tional complexity of the resonant circuitry, along 
with the high output voltage and small required 
size present a significant mechanical design chal- 
lenge. Any variable can be iterated since the bal- 
last capacitor value was arbitrarily selected. 
Optimal design normally requires many design 
iterations. 

Often the preceding analysis is done by a trans- 
former manufacturer that specializes in resonant 
ballast design. A standard transformer from 
Coiltronics, Inc. [5], which is intended specifically 
for portable computer LCD back lighting was 
selected for the design example. Its specifications 
closely match the application’s requirements. 
Selecting a standard transformer eliminated 
numerous iterations and reduced the design cycle 
considerably. The Coiltronics transformer has the 
following specifications: 


BUCK REGULATOR 

The ZVS push-pull converter’s resonant frequency 
establishes the buck and flyback regulators’ con- 
version frequency. Each time the push-pull con- 
verter’s primary voltage crosses through zero, the 
UC3871’s oscillator is reset. The design frequency 
for both the buck and flyback circuits is therefore 
twice the minimum push-pull resonant frequency. 

The buck regulator provides a regulated, variable 
output voltage for the push-pull converter to reject 
input voltage variations and allow lamp brightness 
adjustment. Due to the absence of a large output 
capacitor, the buck regulator presents a high 
impedance to the push-pull converter at its reso- 
nant frequency. Neglecting the sawtooth ripple, the 
output inductor’s current is nearly constant. 

Inductor ripple current is greatest when the duty 
cycle and frequency are minimum. This occurs at 
maximum input voltage and lamp current, where 
the buck OFF time is maximum: 
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Toff(max) = 

Fmin 


1-D 

Vbuck 

Fmin 

* Vin(max) 

1 ( 

, 3.88 \ 

= i^ t 

'■~iW 


(13) 



= I.OnF 


(15) 


= 7.84ps 

To minimize inductor value, ripple current is nor- 
mally 30% to 50% of the average value. 

L > Toff Vbuck 
Iripple 

> (7.84 • 10' 6 )(3.88) 

(0.5)(0.394 

> 154|xH 

A Coiltronics part number CTX150-4 was selected 
for the buck inductor that has the following specifi- 
cations: 


The resonant tank frequency must always be with- 
in the oscillator synchronization range to prevent 
severe output distortion and non-ZVS operation. 

A 10k resistor in series with the zero detect input is 
recommended to protect against high voltages that 
occur during turn-off. The zero detect input is spec- 
ified to withstand a maximum input current when 
driven from a high impedance source. A capacitor 
connected to the transformer center-tap limits the 
maximum voltage at turn-off by absorbing all of the 
inductive energy in the buck inductor when both of 
the push-pull MOSFETs turn off. This capacitor 
also attenuates noise and ringing which would oth- 
erwise be present at this node. 


Inductance 150 jiH 

Resistance 0.175 ohms 

Rated Current 0.72ADC 

CONFIGURING THE CONTROL CIRCUITRY 
OSCILLATOR 

The UC3871 contains a synchronizable oscillator 
internally configured to operate over a 3:1 frequen- 
cy range. A 200pA current source is used to charge 
an external capacitor (Ct) from 0.1V to 3.0V. At the 
3.0V threshold, a 4.0mA current sink discharges 
the capacitor back down to 0.1V. The zero detect 
input senses the transformer primary centertap 
voltage and indicates when the resonant tank volt- 
age is crossing through zero. Under normal circum- 
stances, the zero detect input will trigger the dis- 
charge circuit before the capacitor voltage reaches 
the 3.0V threshold, synchronizing the oscillator to 
twice the resonant tank frequency. 

To improve noise immunity and prevent false trig- 
gering from comparator chatter, another compara- 
tor is used to lock out the zero detect input until 
Ct’s voltage reaches 1.0V. The 3V maximum, IV 
minimum peak oscillator amplitudes establish a 3:1 
synchronization range. Ideally, the synchronization 
range should be centered around the resonant fre- 
quency range. A good starting point is to set the 
oscillator amplitude (Vet) to 2.2V at the minimum 
synchronization frequency, which is twice the min- 
imum resonant frequency. The timing capacitor 
value is then: 


SOFT-START AND OPEN LAMP DETECT 

The primary function of soft-start is to allow time 
for the lamp to strike and conduct the programmed 
level of current before enabling the open lamp 
detection circuitry. A 20pA current source charges 
an external capacitor (Css) when either the supply 
voltage exceeds the nominal 4.2V under-voltage 
lockout, or the 1C is enabled. Once the external 
capacitor voltage exceeds 3.4V, the open lamp 
detect circuit is enabled. The soft-start time is nor- 
mally determined empirically, since many factors 
such as minimum supply voltage and temperature 
influence the time it takes the lamp to strike. A 
150ms soft-start was required to insure that the 
lamp started in the application example circuit. 
Once the soft-start time is determined, the capaci- 
tor value is calculated by: 

Css = 5.9 • 10' 6 Tss (16) 

= (5.9 • 10’ 6 )(0.15) 

= 0.88jiF (use = IpF) 

An open lamp is detected by sensing that the cur- 
rent feedback loop has opened. During normal 
operation the current loop is closed, and the error 
amplifier inverting input is at 1 .5V. If the lamp circuit 
either opens or shorts to ground, insufficient feed- 
back voltage develops, and the inverting input volt- 
age drops to a level determined by input offset cur- 
rent and radiated signal pickup. Input bias current 
limits the maximum feedback resistor value to 
100k, with lower values providing greater margin at 
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the expense of requiring a larger compensation 
capacitor. Radiated signal pickup is a more com- 
plex problem, and is addressed later in the PC 
board layout considerations section. 

LAMP CURRENT CONTROL LOOP 

The UC3871 controls lamp intensity by closing an 
average current feedback loop around the buck 
regulator and push-pull resonant converter. 
Optimal compensation of this system is extremely 
difficult because of the complex output stage and 
load characteristics. High frequency response is 


dominated by a resonant double pole formed by 
the buck inductor and primary resonant and load 
capacitances reflected to the transformer center- 
tap. Typically, this double pole has a Q between 1 
and 5, and occurs less than a decade below the 
resonant tank frequency unless an excessively 
large value is used for the buck inductor. 
Furthermore, the current feedback signal must be 
filtered sufficiently for correct PWM operation, 
requiring significant signal attenuation at the reso- 
nant tank frequency. These factors make it nearly 
impossible to cross the loop over above the output 
stage’s double pole. 


ERROR PWM OUTPUT 

AMP MODULATOR FILTER TRANSFORMER 


/ s y s 1 

\G)o/ + QCOo + 



Ns 


Np 


BALLAST _J 

IMPEDANCE 2rcFCb 


CURRENT 

SENSE 


SIMPLE 

COMPENSATION 


IMPROVED 

COMPENSATION 


Rs 

2(1+RsCsS) 


COMPENSATION 

CIRCUIT 


CURRENT 

SENSE 

CIRCUIT 
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Below the double pole the power stage gain is flat. 
The simplest way to compensate the loop is to 
introduce a low frequency dominant pole that sets 
the unity gain crossover frequency well before the 
output filter double pole. This pole also sufficiently 
filters the half-wave rectified current feedback sig- 
nal for proper PWM operation. The design example 
circuit shown in figure 2 employs this compensa- 
tion technique, which requires a minimal number of 
components. Figure 3 shows the circuit’s control 
loop block diagram. With the unity gain frequency 
set well below the resonant double pole, higher fre- 
quency effects caused by capacitor ESR and 
transformer leakage inductance can be ignored. 

Three of the blocks exhibit gain variation with input 
or load changes. Most notable is the current sens- 
ing resistor, which in a typical application will cause 
a 25dB to 30dB gain change over the lamp current 
adjustment range. The ballast capacitor (Cb) is 
treated as a fixed impedance determined by the 
converter’s resonant frequency, but since the reso- 
nant frequency varies about 20% in an actual 
application, the ballast impedance varies inversely 
by the same amount. The modulator gain is direct- 
ly proportional to frequency since the PWM ramp 
amplitude (Vet) varies inversely with frequency, 
and to a first order, cancels the ballast impedance 
variation. The more dominant modulator gain vari- 
ation however, is from the input supply voltage 
(Vin), which may vary more than 3:1. 

The output filter resonant frequency is determined 
by the buck inductor value and the equivalent value 
of the primary resonant, output ballast, and output 
stray capacitances reflected to the buck regulator 
output: 



/ Ns \p 

CEQ = 4Cp + (j^) Cb 


= 8Cp 

Output filter Q is the ratio of the resonant tank 
impedance to the effective series damping resis- 
tance: 

(18) 

Rseries 

The effective series resistance is the sum of all 
power circuit resistances reflected to the buck reg- 
ulator output, plus the reflected load resistance 
transformed to its effective series value (Rseries). 
With every effort made to minimize series resis- 


tance for maximum efficiency, the reflected load 
term dominates. 

_ VBUck 2 . . 

Rseries* — (ohms) (19) 

1.1 Pout 

Output filter Q is greatest at minimum lamp cur- 
rent. Gain peaking at the filter resonant frequency 
is then: 

Gpeak = 20 logQMAX (dB) (20) 

The maximum unity gain crossover frequency is 
typically set nearly a decade below the output filter 
resonant frequency to insure adequate gain mar- 
gin. Loop gain (and crossover frequency) is great- 
est at maximum input voltage and minimum cur- 
rent. At minimum input voltage and maximum lamp 
current, the unity gain crossover frequency may 
decrease two decades or more. Fortunately, wide 
bandwidth and good transient response are not 
required in most applications. 

The example circuit’s output filter has a maximum Q 
of 3, and a resonant frequency of 13kHz. The maxi- 
mum unity gain crossover frequency is 1 .5kHz, giv- 
ing a worst case gain margin of about 9dB. 

IMPROVED LOOP COMPENSATION CIRCUIT 

Some applications require quick transient 
response to prevent lamp flicker from input voltage 
disturbances. Systems which have poor input sup- 
ply regulation, particularly those with transient 
loads or a pulsed current battery charger are 
examples of such applications. With the typical 
UC3871 circuit, lamp current is adjusted by varying 
the closed loop gain. This causes the unity gain 
crossover frequency to decrease one decade for 
each 20dB increase in lamp current. 

The control loop block diagram in figure 3 shows 
an improved current sense and loop compensation 
scheme that makes the unity gain crossover fre- 
quency insensitive to lamp current adjustment. A 
capacitor (Cs) connected in parallel with the cur- 
rent sense resistor forms a pole that varies direct- 
ly with the current sense gain. This configuration 
provides variable low frequency gain for lamp cur- 
rent adjustment with fixed high frequency gain for 
constant loop crossover frequency. 

This pole can theoretically provide acceptable loop 
compensation with a fixed error amplifier gain, but 
the required value for Cs would be much to large 
for a practical circuit. Adding a pole-zero pair to the 
error amplifier allows for an acceptable Cs value 
and provides high DC gain by maintaining a pole at 
the origin. The current sense pole (1/(RsCs)) and 


8-42 



APPLICATION NOTE 


U-148 


the error amplifier zero (1/(RfCf)) are placed at the 
control loop’s unity gain crossover frequency with 
Rs set to its minimum value. 

LCD BIAS SUPPLY FLYBACK REGULATOR 

The design procedure for the flyback converter is 
not given here since it differs little from a conven- 
tional power supply application. The only unique 
condition is that the conversion frequency varies 
with the push-pull converter’s frequency. As with 
the buck converter, the initial design frequency is 
twice the minimum resonant frequency (the design 
example’s buck and flyback regulator’s minimum 
frequency is 100kHz). At the lowest lamp bright- 
ness, the frequency will typically increase 15% to 
25%, minimally influencing the flyback converter’s 
operation. 

For the design example, the flyback converter is 
operated in the continuous inductor current mode. 
For most power supply applications, this mode of 
operation is avoided because of the poor closed 
loop bandwidth dictated by the right-half plane 
zero in the transfer function. Continuous mode 
operation does result in lower power stage loss 
however, and since for this application power loss 
is usually more critical than dynamic response, it is 
normally the preferred mode of operation. 

The minimum component compensation circuit 
shown in the design example schematic employs a 
dominant pole to cross over the loop before the 
output stage’s resonant double pole. Output volt- 
age overshoot at power-up can be significant with 
this configuration if the error amplifier’s integration 
capacitor is allowed to fully charge as the output 
voltage slews to its nominal value. This large signal 
problem is exacerbated by the ground referenced 
error amplifier configuration, which only allows a 
small discharge current to be developed. 

For the design example, a 0.1 jiF integration capac- 
itor is used although a value nearly ten times 
smaller will provide maximum loop bandwidth. The 
0.1 pF capacitor charges slowly during power-up, 
and eliminates overshoot by soft-starting the sup- 
ply. A shottky diode (BAT81) is used to clamp the 
non-inverting error amplifier input to prevent it from 
phase inverting and latching up the control loop. 
This diode should have a forward drop less than 
0.5V at room temperature. 

IMPROVED FLYBACK COMPENSATION 

As with the lamp driver circuit, there are applica- 
tions that require better transient response than is 
achievable with dominant pole compensation. A 


simple alternative technique, shown in figure 4, is 
to cancel one of the output stage’s resonant poles 
by a zero in the compensation circuitry, and cross 
the loop over at about 1/4 the minimum right-half 
plane zero frequency. This technique does result in 
lower DC gain than the dominant pole circuit used 
in the design example, but offers much better large 
signal behavior and a decade or more increase in 
loop bandwidth. Another pole-zero pair can be 
added to improve DC load regulation and input line 
rejection, although this additional complexity 
appears unnecessary. 



Figure 4. Improved flyback regulator compensation. 


Discontinuous inductor current operation is also an 
option to significantly improve transient response if 
a small decrease in efficiency is tolerable. 
Discontinuous mode compensation is illustrated in 
the following positive output, coupled inductor fly- 
back circuit. 


POSITIVE OUTPUT VOLTAGE FLYBACK 
REGULATOR 

A positive output LCD bias supply circuit is more 
complicated than the negative output, because the 
output voltage can be greater or less than the input 
voltage. This eliminates both buck and boost cir- 
cuits, and makes the coupled inductor flyback con- 
verter a good choice for this application. 
Discontinuous inductor current operation is 
employed in the circuit shown in figure 5, allowing 
simple compensation and excellent transient 
response. 
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Figure 5. Positive output coupled inductor flyback 
regulator. 

Since the output MOSFET is relatively large, and 
has significant output capacitance and avalanche 
energy capability compared to the current it must 
switch, a clamp or snubber network is not required 
to insure reliable operation. Snubbing may be nec- 
essary to reduce EMI however. This circuit can, of 
course be operated with continuous inductor cur- 
rent for a small improvement in efficiency. The 
compensation circuitry would then be similar to the 
previous flyback regulator examples. Flyback regu- 
lator and control loop design is covered in the ref- 
erences. 

PRACTICAL CONSIDERATIONS 

MEASUREMENT TECHNIQUES 

The combination of low power, high voltage, and 
high frequency AC present a unique challenge in 
determining circuit efficiency. An absolute efficien- 
cy measurement is important because it allows 
meaningful comparison with work done by others. 
Since an electrical efficiency measurement 
removes lamp performance from the equation, it is 
the most universal performance index. 


based on relative light intensity efficiency improve- 
ments using the same lamp and test setup. 

To measure electrical efficiency, extreme attention 
to measurement technique and equipment is 
required. Output current is relatively easy to mea- 
sure with a current sense resistor in series with the 
lamp return to ground. For the design example cir- 
cuit shown in figure 2, a small resistor can be 
added in series with R5 and D2 to measure both 
half cycles of the lamp current. 

To measure lamp voltage, a 100X or lOOOx oscillo- 
scope probe with low input capacitance and good 
high frequency accuracy is required. Accurate AC 
probe calibration is critical in achieving a meaning- 
ful measurement. At low lamp current, both the 
lamp current and voltage exhibit clean sinusoidal 
waveforms with minimal harmonic distortion. The 
product of the RMS lamp current and voltage then 
give an accurate measurement of the output 
power. As current is increased, the lamp’s nonlin- 
earity becomes apparent, as significant distortion 
is observable in the lamp voltage waveform. The 
product of the RMS lamp current and voltage will 
no longer yield an accurate output power mea- 
surement. 

A true RMS measurement that is insensitive to 
waveform shape is made by taking the average 
product of the instantaneous lamp voltage and cur- 
rent. Many digital oscilloscopes provide this func- 
tion with reasonable accuracy. The accuracy of this 
technique can be further improved by calibrating to 
a known sinusoidal source. 

EFFICIENCY OPTIMIZATION 

Most of power lost in the lamp driver circuit is dis- 
sipated in the transformer, inductor, MOSFETs, 
primary resonant capacitor, buck regulator diode, 
and the UC3871. Although the output ballast 
capacitor (Cb) dissipates little power, its value 
greatly influences the performance of the circuit. 
Consider the effect of increasing Cb such that the 
secondary voltage drops 10%. The transformer’s 
flux density and primary resonant current decrease 
10%, reducing both transformer core and winding 
losses. Both of these losses are exponential, so 
the power savings can be significant. Smaller 
transformer losses decrease the input power 
required, reducing the current through, and the 
power lost in the other power handling compo- 
nents. 


For an actual application however, high output light 
intensity for a given input power is the actual 
design goal. Once reasonable electrical efficiency 
is achieved, further circuit refinement should be 


Of course the ballast capacitor cannot be continu- 
ally increased, as waveform distortion will quickly 
become unacceptable, but there is an optimal 
value for a particular application that is best deter- 
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mined experimentally. The same is true for the pri- 
mary resonant capacitor, where a decrease in 
value will increase the resonant frequency, and 
decrease the resonant current and associated 
losses. Again, there is an optimal value that yields 
the best distortion/efficiency tradeoff for a particu- 
lar application. 

The losses contributed by the other power compo- 
nents are more easily determined, as circuit oper- 
ation is affected minimally by their variation. For 
lowest loss, MOSFETs are selected for minimal 
combined conduction and gate drive loss. Bigger is 
not necessarily better! Logic-level threshold 
devices are required for high efficiency at low input 
supply voltages, although standard threshold 
devices will usually function with reduced efficien- 
cy down to about 6V. 

The primary resonant capacitor, Cp conducts the 
primary resonant current and must have low losses 
for good circuit efficiency. A monolithic ceramic 
capacitor, and several film capacitors from 
Electronic Components, Inc. [6], were evaluated to 
determine the relative performance differences 
among various dielectric and construction tech- 
niques. Polypropylene film/foil capacitors exhibit the 
lowest losses. Metalized polypropylene capacitors 
are usually smaller than foil/film construction, but will 
result in about a 1 percent decrease in efficiency. 

Further size reduction is possible with polycarbon- 
ate or polyester capacitors, but efficiency will be 
about 1 percent to 3 percent lower than the foil/film 
polypropylene units. Since the capacitor value is too 
high for an NPO dielectric, ceramic capacitors must 
be avoided. The dissipation factor of Z5U and X7R 
ceramics is much too high for reasonable efficiency. 
A Z5U monolithic ceramic reduced efficiency more 
than 12% in the test circuit! 

Separate bias (Vcc) and collector (Vc) supply 
inputs are provided by the UC3871 to take advan- 
tage of its ability to operate down to 4.5V. 
Supplying Vcc from a switching regulated supply 
while operating the rest of the circuit directly from 
the battery typically saves from 30mW to more 
than lOOmW. 

The buck inductor’s winding resistance will dissi- 
pate significant power if its winding resistance is 
excessive. Minimum inductor values are therefore 
usually preferred to maintain reasonable size. This 
results in high ripple current that can lead to high 
core loss. Like all the other power components, 
every source of dissipation must be investigated 
and analyzed to squeeze maximum efficiency from 
the converter. 


PC BOARD LAYOUT CONSIDERATIONS 

As with all switching regulators, PC board layout is 
critical. The circuitry should be as compact as 
practical, particularly in the power stage areas that 
conduct pulsed current or high voltage. EMI gener- 
ated by high di/dt is minimized by keeping the 
pulsed current loops as small as possible. For 
example, the buck regulator MOSFET and rectifier 
should be as close together as possible. A low 
impedance bypass capacitor (a 6.8(iF tantalum 
was used in the application circuit) should also be 
connected directly between the MOSFET source 
and the rectifier anode. 

The lamp’s high operating voltage, and poorly 
shielded leads and terminals are a potential source 
of radiated EMI. A significant benefit of the sinu- 
soidal voltages and currents inherent to a fully res- 
onant power stage is the comparatively low voltage 
and current slew rates. Some high frequency har- 
monics are present due to distortion and conduct- 
ed noise received from the buck and flyback regu- 
lator power stages, although these are normally 
very small. 

Shielding is normally an effective technique for 
attenuating EMI generated by high dv/dt nodes, 
but the performance tradeoffs with the high voltage 
ballast circuity can be misleading. Shields (or 
ground planes) increase the capacitive loading on 
the circuit, but the shield itself dissipates negligible 
power. When a shield is added however, circuit effi- 
ciency will drop because the additional load capac- 
itance will increase the resonant current, just as if 
the primary resonant capacitance were increased. 
This effect is minimized by making high voltage 
traces as short as possible. 

Loss due to leakage current in the high voltage 
section is also possible, particularly as the assem- 
bly ages and the PC board surface becomes cont- 
aminated. Milling slots in the PC board is a good 
way to get sufficient creapage distance between 
the high voltage traces and the rest of the circuitry 
while maintaining a compact layout. 

Another important consideration in the high volt- 
age area is the length and routing of the return 
lead and PCB trace connecting to the current 
sense circuitry. If a fault opens the lamp circuit, the 
error amplifier will command maximum secondary 
voltage in an attempt to keep the current loop 
closed. The stray capacitance between the high 
voltage circuitry and the return lead may conduct 
sufficient current to keep the loop closed, particu- 
larly at low command current and maximum input 
voltage. This condition will prevent open lamp 
detection and severely over stress the circuitry. 
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This problem is avoided by keeping the lamp return 
path as short as possible, with the current sense 
resistor placed as close to the lamp as practical. 
Traces between the current sense resistor and the 
UC3871 are insensitive to noise and switching har- 
monics since the signal is DC at this point. Ideally, 
the majority of the return path length is placed 
between the current sense resistor and the feed- 
back resistor. 

Keeping the high voltage path as short as possible 
helps by reducing the radiated signal. Shielding 
around the high voltage area also reduces the radi- 
ated signal, but may not be practical in many appli- 
cation. The dimming range should be set no wider 
than necessary since high current sense resistor 
values increase sensitivity to this problem. The cir- 
cuit described in the following section for wide dim- 
ming range applications is significantly more robust 
in this regard, and should be considered when 
packaging constraints force non-ideal layout. 

WIDE DIMMING RANGE APPLICATIONS 

Most cold cathode fluorescent lamps function 
acceptably down to about 1/20 of their rated cur- 
rent. Below this level, they begin to illuminate 
unevenly across the tube. This “thermometer” effect 
is caused by parasitic capacitive current, and is 
heavily influenced by shielding and grounding. 
Wide dimming ranges are accommodated without 
uneven lamp brightness by driving the lamp at max- 
imum current, and pulse width modulating the cur- 
rent on and off at low frequency. 

Figure 6 shows modifications to the standard appli- 
cation circuit for low frequency PWM control. A 
fixed current sensing resistor sets the maximum 
lamp current. An external PWM signal drives the 
inverting error amplifier input through a series 
diode and resistor. The input resistor value is cho- 
sen to force the lamp current to zero when the 
PWM input is pulled high. These modifications 



Figure 6. Low frequency PWM control for wide 
dimming range aplications. 


where made to accept a 100Hz PWM signal from 
5V CMOS logic through a 1N4148 and a 68k resis- 
tor. A 680 ohm current sense resistor set the con- 
tinuous lamp current at approximately its rated 
value. Fixed current gain allowed the compensa- 
tion capacitor (Cf) to be reduced to 4.7nF for more 
optimum loop performance. 

With no further modifications, the circuit main- 
tained uniform lamp intensity over a current range 
of more than a 500:1. Operation was linear with 
negligible effect from input voltage variation, down 
to about 1 % of rated current. Below 1%, the current 
rise and fall time became significant, limiting the 
practical open loop dimming range to about 100:1. 
An accurate, stable dimming range greater than 


REF 



Figure 7. External voltage command interface. 

500:1 can be achieved with the addition of a low 
bandwidth outer current or lamp intensity feedback 
loop. 

DIGITAL LAMP CURRENT CONTROL 

The preceding technique for wide dimming range 
applications is also the best method for digital lamp 
intensity control. A 100Hz PWM signal generated 
by a microprocessor combines excellent dimming 
range with single line digital control. An alternative 
approach is to use the circuit shown in figure 7, 
where a D/A injects a command signal into the 
control loop. This technique provides excellent per- 
formance for less than 20:1 dimming ranges, but 
unfortunately it also defeats the open lamp detect 
circuit. A third approach is to replace the current 
sense potentiometer with a digital pot or a multi- 
plying D/A converter, but these devices can usual- 
ly only handle low current. 
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BIPOLAR TRANSISTOR OUTPUT STAGES 

When cost is more critical than performance, PNP 
bipolar transistors can be substituted for the P-chan- 
nel MOSFETs. High gain, low saturation devices 
such as the Zetex [7] ZTX788B (3A, 20 V PNP) per- 
form quite well for the buck regulator when the input 
voltage is low. A PNP can also be used for the fly- 
back converter, but at a greater efficiency reduction 
than the buck regulator because it requires a higher 
voltage device and has greater switching losses. 

Simple high speed base drive is implemented by 
choosing a base resistor for sufficient drive at the 
minimum input voltage. A small capacitor in parallel 
with the base resistor improves switching speed. 
Bipolar NPNs in place of the N-channel MOSFETs 
are generally a poor cost/performance tradeoff, but 
can be used if performance is secondary. 

CIRCUIT DISABLE 

The UC3871 provides an enable input to shut 
down both converter power stages and put the 
control circuitry in a very low current standby 
mode. Applications that require disabling each con- 
verter independently require a different approach. 
The flyback section can be disabled by either 
pulling the current sensing input above its 0.5V 
threshold, or by pulling the inverting error amp 
input above Vref to force the duty cycle to zero. 

The ballast converter is a little more difficult to dis- 
able because of the open lamp detect circuitry. Any 
technique that breaks the feedback loop, such as 
grounding the error amp output, will cause the con- 
verter to latch off. Grounding the soft-start input will 


not bring the duty cycle zero, and therefore will not 
completely disable the converter. The best shut 
down method is to source enough current into the 
inverting error amp input to force its output to 
ground. This saturates the loop, causing the duty 
cycle to go to zero without falsely indicating an 
open lamp condition. 

MULTIPLE LAMP CIRCUITS 

The ballast circuit is easily modified to drive two or 
more parallel lamps by splitting the ballast capaci- 
tance into two or more capacitors of equivalent 
value. Because of lamp mismatch, the dimming 
range must normally be less than single lamp cir- 
cuits. Additionally, a higher ballast capacitor volt- 
age than is optimum for a single lamp may be 
required to insure that both lamps start. 

DESIGN EXAMPLE PERFORMANCE AND 
WAVEFORMS 

Figures 8 through 10 show typical ballast wave- 
forms from the design example (figure 2) delivering 
1 .0W into a lamp from a 10V input supply. Figure 8 
shows the primary voltage waveforms. Note that 
the center-tap waveform is one-half the amplitude 
of the push-pull waveforms, and that no distortion 
or ringing is evident at the cusps of the waveform. 

Figure 9 shows the primary current waveforms and 
the differentially sensed transformer primary volt- 
age waveforms. The transient steps at the peaks of 
the primary current are from the push-pull switches 
turning on, which allow input (reflected load) cur- 
rent to conduct in addition to the resonant current. 




Figure 8. 1 . Centertap voltage 5V/div 

2. Q1 drain voltage 5V/div 

3. Q2 drain voltage 5V/div 
Horizontal: 5jxs/div 


Figure 9. 1. Differential primary voltage lOV/div 

2. Primary resonant capacitor current 0.5A/div 

3. Primary transformer winding current 0.5A/div 
Horizontal: 5[is/div 
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Figure 1 0. 1 . Lamp current 1 0mA/div 

2. Lamp voltage 500V/div 

3. Transformer secondary voltage 500V/div 

4. Horizontal: 10ps/div 

Figure 10 shows the secondary voltage and current 
waveforms. Lamp current and voltage are in phase 
indicating that the lamp appears resistive. These 
waveforms lead the secondary voltage waveform 
because of the capacitive coupling. Distortion in the 
lamp voltage waveform is caused by lamp imped- 
ance nonlinearity, which also causes some distor- 
tion in the secondary voltage waveform. 

Figures 11 and 12 illustrate circuit efficiency with 
varying input supply voltage and output power. In 
both cases a separate 5V supply powered Vcc, 
since this is available in most applications. Figure 
1 1 shows the efficiency of the complete converter 
over an input supply range of 5.5V to 18V. For this 
plot, the lamp power was 1 .0W, and the LCD bias 
power was 0.324W (18V across Ik). The sudden 
decrease in efficiency at low input voltage is from 
insufficient gate drive voltage. This efficiency drop 
can be eliminated by using logic level MOSFETs. 



Figure 1 1 . Efficiency vs. input voltage for 1 .324W 
output. 


UNITRODE CORPORATION 
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TEL. 603-424-2410 • FAX 603-424-3460 


The efficiency curve in figure 12 was taken with the 
flyback converter output disabled, although the 
control circuitry was still active. The lamp power 
was then varied from 0.2W to 1 .9W while keeping 
the supply voltage at 1 0V. Above about 3/4W, effi- 
ciency was greater than 80%. At light load, the 
control circuit and gate drive losses became signif- 
icant, and efficiency was greatly reduced. 

SUMMARY 

The UC3871 provides a complete power supply 
control solution for backlit LCDs. A design method 
illustrated with a circuit example has been present- 
ed, along with alternate configurations and loop 
compensation techniques. Example circuit wave- 
forms and efficiency graphs show that the UC3871 
provides a simple, yet high performance solution. 
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Figure 12. Efficiency vs. output power for 10V input. 
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Unitrode Corporation makes no representation that 
the use or interconnection of the circuits described 
herein will not infringe on existing or future patent 
rights, nor do the descriptions contained herein imply 
the granting of licenses to make, use or sell equip- 
ment constructed in accordance therewith. 

© 1995 by Unitrode Corporation. All rights reserved. 
This bulletin, or any part or parts thereof, must not be 
reproduced in any form without permission of the 
copyright owner. 

NOTE: The information presented in this bulletin is 
believed to be accurate and reliable. However, no 
responsibility is assumed by Unitrode Corporation for 
its use. 
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^ UNITRODE 

Design Note 

Using the UC3871 and UC3872 Resonant Fluorescent 
Lamp Drivers in Floating Lamp Applications 


The UC3871 and UC3872 family of resonant 
lamp drivers contain all of the necessary control 
circuitry to implement a highly efficient cold cath- 
ode fluorescent back-light driver. The grounded 
lamp circuit topology is discussed in detail in 
both U-141 and U-148. This design note de- 
scribes how to modify the circuit to accommo- 
date a floating lamp topology. 

In many back-light systems, the physical spacing 
between the lamp and lamp wires with respect to 
the foil reflector and LCD frame can be tight. 
With tight spacing, distributed capacitance will 
form. High voltage capacitive coupling effects 
may result in uneven illumination across the tube 
and a slight degradation in efficiency. A floating 
lamp topology can reduce these effects. Figure 1 
compares the AC voltage gradient of a grounded 
lamp and a floating lamp. 


In the grounded lamp application, one end of the 
lamp has a high AC voltage while the other end 
of the lamp is connected to circuit ground. Al- 
though the current passing through the lamp is 
uniform, the voltage along the lamp (with respect 
to the ground plane) is not. The resulting electro- 
magnetic field gradient causes a non-uniform 
phosphor glow as shown in Figure 1 . At low cur- 
rents, when the lamp is dimmed, the 
non-uniformity may be visible. This is known as 
the “thermometer effect”. A floating lamp re- 
duces the thermometer effect by cutting the volt- 
age gradient in half. 

To a lesser degree, a floating lamp will also im- 
prove circuit efficiency. Referring to Figure 1, the 
stray capacitance causes leakage currents from 
the lamp to circuit ground. Although the current 
through stray capacitance doesn’t directly trans- 
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late into losses, the extra current through the 
transformer and switching devices does. The 
floating topology cuts the average voltage along 
the lamp in half, this decreases the leakage cur- 
rent. 

The UC3871 / 72 design can be converted to a 
floating lamp architecture as shown in Figure 2. 
A resistor added to the source of Q1 and Q2 is 
used to sense buck converter current. Buck cur- 
rent is proportional to the lamp current by the 
turns ratio of T1. A divider network connected 
between Rsense, the inverting input of the error 
amplifier, and Vref is used to control lamp cur- 
rent. The non-inverting input of the error ampli- 
fier is internally derived off of Vref and should 
track within 0.5%. Resistors R1 and R3 should 
be chosen to have similar tolerances. When R2 
is adjusted to zero ohms, lamp current is at a 
minimum. When R2 is adjusted to 2k£2, lamp cur- 
rent is at a maximum. Several suppliers offer 
transformers for CCFL applications. A Coiltronics 
CTX1 10605 transformer was used for the circuit 
in Figure 2. 


Optional Open Lamp Detection with a 
Floating Lamp 

During normal operation, the voltage at the out- 
put of the buck converter will appear as a full 
wave rectified sinusoid at the resonant fre- 
quency. If the lamp is opened, current that ini- 
tially fed the lamp will begin to feed the resonant 
tank, increasing the tank voltage. The trans- 
former voltage will then increase until the buck 
current and the losses in the tank reach equilib- 
rium. This increase in secondary voltage may re- 
sult in a break down of the transformer’s 
insulation. Open lamp detection can reduce volt- 
age stress on the CCFL transformer during an 
open lamp condition by decreasing the buck cur- 
rent feeding the resonant tank. In many designs, 
the tank voltage will not increase to destructive 
levels and open lamp detection is not necessary. 

The UC3871 / 72 open lamp detection circuitry 
will be invalidated by the floating lamp topology. 
Figure 3 shows a method for implementing open 
lamp detection with an open collector, quad com- 
parator. If the buck output voltage increases 



Figure 2. Floating Lamp with Primary Side Current Sense 
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above an acceptable level, comparator 1 will tog- 
gle high. A diode between the output and the 
positive input will latch the output high until 
power is cycled. A high output on comparator 1 
will cause a low output on comparator 3, which is 
connected to the output of the error amplifier. 
Pulling low will force a minimum duty cycle on 


the buck coverter, decreasing the current feed- 
ing the tank, and the voltage on the transformer. 
Comparator 2 overrides the output of comparator 
1 during soft start, allowing the tank voltage to 
ring up so the lamp can strike. 
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Device Type 

Supply 

Voltage 

Data Rate 

Dynamic 

Range 

Quiescent 

Current 

Encoder/ IrDA 
Decoder Compliant 

LED Driver 

Part 

Number 

Page 

Number 

Receiver 

3.3V 
or 5V 

2.4kbps 

115.2kbps 

150nA 

100mA 

250pA 

N 

Y 

N/A 

UCC5341 

9-2 

Transceiver 

3.3V 
or 5V 

2.4kbps 

115.2kbps 

150nA 

100mA 

250jliA 

N 

Y 

500mA 

UCC5342 

9-6 

Transceiver 

3.3V 
or 5V 

2.4kbps 

1 15.2kbps 

150nA 

100mA 

280pA 

Y 

Y 

500mA 

UCC5343 

9-10 


9-1 





GEI GEb 


AGND DGND 

UDG-97062-1 
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ABSOLUTE MAXIMUM RATINGS 


AVDD, CAT, DVDD -0.3V to 7V 

CAT, DET, DVDD, SLEEP, -0.3V to AVDD + 0.3V 

Irxx -10mA to 10 mA 

Idet 250mA 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, lOsec.) +300°C 


All voltages are with respect to respect to AGND. DGND must 
be connected to AGND. Currents are positive into, negative out 
of the specified terminal. Consult Packaging Section of the Da- 
tabook for thermal limitations and considerations of packages. 


ABSOLUTE MAXIMUM RATINGS 


SOIC-8, DIL-8 (Top View) 


D, N Package 


cat|T 



T] AVDD 

det[T 

J 


7] SLEEP 

agnd[T 



jTJrxx 

dvdd[^ 

-- 1 


jT]dgnd 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C, AVDD = 3.0V to 5.5V, Cavdd = lOOnF, 
Cdvdd = lOOnF, Ccat = 4.7pF + lOOnF, Crxx = 40pF, Cdet < 56pF. All currents are positive into a specified pin. Ta = Tj 


PARAMETER 

TEST CONDITION | Ml N 

TYP 

MAX | UNITS 

Supply Current Section 

IDD 

No Output Load, SLEEP < 0.5V 


250 

350 

pA 

IDD 

SLEEP > AVDD - 0.5V 


0.5 

3 

pA 

Rdvdd 

AVDD to DVDD 

1.0 

2 

3.0 

kQ 

Rcat 

AVDD to CAT 

10 

20 

32 

Q 

Receiver Section 

Input Refered Noise 

(Note 1) 


10 


pA_ 

4Hz 

Detection Threshold 

1.6|is Input Pulse, Ips < Rxx < 8jlls 


200 

400 

nA 

Signal to Noise Ratio 

Idet = 200nA, (Note 1) 


11.8 


nA 

Lower Band Limit 

(Note 1) 


50 


kHz 

Upper Band Limit 

(Note 1) 


1 


MHz 

Output Pulse Width 

Idet = 400nApk to 20mApk, 0 to 200pADC, 1 .6|ts Input Pulse 

1.0 


8.0 

ps 

RXX Output (Vol) 

Irxx = 800pA 


200 

400 

mV 

RXX Output (Voh) 

Irxx = -IOOjjA, DVdd - Rxx 


200 

400 

mV 

RXX Rise Time 

From 10% to 90% of DVDD 


150 

200 

ns 

RXX Fall Time 

From 90% to 10% of DVDD 


100 

150 

ns 


Note 1: Guaranteed by design. Not 100% tested in production. 


PIN DESCRIPTIONS 

AGND: Ground reference for analog circuits. Connect to 
circuit board ground plane. 

AVDD: Supply pin for analog circuits. Bypass to AGND 
with a lOOnF or IpF ceramic capacitor. 

CAT: Filtered Supply for PIN diode cathode. Internally 
connected to AVDD through a 20Q resistor. Bypass to 
AGND with a 4.7pF capacitor plus a lOOnF ceramic ca- 
pacitor. 

DET: Input to receiver amplifier. Connect to PIN diode 


anode. Shield with AVDD and/or AGND from all other 
signals, especially RXX. 

DGND: Ground pin for digital circuits. Connect to circuit 
board ground plane. 

DVDD: Supply pin for digital circuits. Internally connected 
to AVDD through a 2k Q resistor. Bypass to DGND with a 
lOOnF or IjiF ceramic capacitor. 

RXX: Output of the detect amplifier and buffer. Connect 
to UART. Avoid coupling the RXX signed to DET. 

SLEEP: Sleep mode select pin. A logic high on SLEEP 
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UCC5341 


APPLICATION INFORMATION 
Ground Plane 

There are 2 ground connections shown on the applica- 
tion drawing, representing the sensitive analog ground 
and the ‘dirty’ digital ground. These 2 points can simply 
be geographic groupings of connections to a ground 
plane. If a ground plane is not used, other provision to 
isolate the analog and digital ground currents should be 
provided. The use of a ground plane is strongly recom- 
mended. 

DET Considerations 

DET is flanked by AGND and CAT. This should be used 
to good advantage by fully enclosing the DET circuit 
board trace with AGND in order to shield leakage noise 
from DET. The DET circuit board trace length should be 
minimized. Since the PIN diode connected to DET is ca- 
pacitive, noise coupling to the cathode of the diode will 
be coupled directly to DET. For this reason, the lOOnF 
capacitor on CAT should be located physically close to 
the cathode of the PIN diode. 

There is natural parasitic coupling from RXX to DET. RXX 


should be routed to minimize the parasitic capacitive 
coupling from RXX to DET. 

Analog Power Supply Decoupling 

The UCC3541 has a highly sensitive amplifier section ca- 
pable of detecting extremely low current levels (200nA 
typical). Achieving this sensitivity requires quiet analog 
power supply rails. A lOOnF high frequency capacitor in 
close proximity to AVDD and AGND is required for quiet 
analog rails. 

Digital Power Supply 

DVDD is fed directly from AVDD through an internal 2k 
resistor. The DVDD bypass capacitor handles all tran- 
sient current produced by the digital section of the chip. If 
more drive is required from RXX than the internal 2k re- 
sistor will allow, an external resistor can shunt it. This 
should always be accompanied by increasing the value 
of the decoupling capacitor on DVDD and AVDD. 

Economy Application 

The diagram of the economy application shows only one 
bypass capacitor. This application is suitable where maxi- 


SLEEP MODE CONROL 



Figure 1. Typical Application of the UCC5341 
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UCC5341 


APPLICATION INFORMATION (cont. 



Figure 2. Economy Application of the UCC5341 
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UCC5342 


UIMITRODE 


PRELIMINARY 


IrDA 1 15.2kbps Transceiver 


FEATURES 

• Supports IrDA Standard to 115kbps 
Data Rates 

• 3V to 5V Operation 

• Wide Dynamic Receiver Range from 
200nA to 50mA Typical 

• IrDA Compliant I/O 

• 500mA LED Driver 

• Very Low Quiescent Current in Active 
Mode (250jnA Typical) 

• Ultra Low Quiescent Current in Sleep 
Mode (0.5pA Typical) 


Compatible with lr| 


DESCRIPTION 

The UCC5342 IrDA (Infrared Data Association) Transceiver supports 
the analog section of the IrDA standard. The receiver has a limiting 
transresistance amplifier to detect a currentsignal from a PIN diode 
and drives RXX pulses to a UART. The amplifier is capable of input cur- 
rents ranging from 200nA to 50mA. The amplifier is bandpass limited to 
reduce interference from other IR sources. 

The output of the receiver is designed to drive CMOS and TTL levels, 
for direct interfacing to IrDA compliant UARTs and Super I/O devices. 
Internal resistors are provided for decoupling the detector diode supply, 
thus minimizing the number of external components required. 

The transmitter portion of the chip has a low impedance open drain 
MOSFET output, it is capable of sinking 300mA from an output LED at 
3V, and 500mA at SV. 


DA Detector Diodes 



BLOCK DIAGRAM 


GENERATOR 


\ 

BANDPASS 




rln 



FILTER 




U-l 


OVERDRIVE 

CLAMP 

>50mA 


TRANSMIT 

BLANKING 

2jlis 


DC AMBIENT 
REJECTION 
200mA 



□ 


14 pin version 


1/98 
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UCC5342 


ABSOLUTE MAXIMUM RATINGS 


AVDD, DVDD, CAT -0.3V to 7 V 

SLEEP, DET, TXX, LED, 

DVDD, CAT —0.3V to AVDD + 0.3V 

Irxx -10mA to 10 mA 


Idet 250mA 

I LED 1 A 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, lOsec.) +300°C 


All voltages are with respect to respect to AGND. DGND and PGND must be con- 
nected to AGND. Currents are positive into, negative out of the specified terminal. 
Consult Packaging Section of the Databook for thermal limitations and considerations 
of packages. 


CONNECTION DIAGRAM 


SOIC-14, DIL-14 (Top View) 



D,N Package 


— 

— V_Z 



DVDD 

H 



14 

AGND 

N/C 

[I 



13 

DET 

LED 

Z 



12 

N/C 

PGND 

z 



TT 

CAT 

DGND 

z 



10 

AVDD 

TXX 

z 



9 

N/C 

RXX 

z 

— 


8 

SLEEP 


SSOP-16 (Top View) 


M Package 



PGND [7 


J6] LED 

N/C |T 


15] N/C 

N/C |T 


14] N/C 

TXX [T 


13] AGND 

RXX [IT 


J2] DET 

SLEEP [~6~ 


7T] N/C 

DVDD \T 


jo] N/C 

AVDD [T 


T] CAT 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C, AVDD = 3.0V to 5.5V, Cavdd = lOOnF, 
Cdvdd = lOOnF, Ccat = 4.7pF + lOOnF, Crxx = 40pF, Cdet < 56pF. Ta = Tj. 


PARAMETER | TEST CONDITION | MIN | TYP MAX | UNITS 

Supply Current Section 

Idd 

No Output Load, SLEEP < 0.5V 


250 

350 


Idd 

SLEEP > AVDD - 0.5V, TXX < 0.5V 


0.5 

3 

HA 

Rdvdd 

AVDD to DVDD 

1.0 

2 

3.0 

kn 

Rcat 

AVDD to CAT 

10 

20 

32 _ 

n 

Receiver Section | 

Input Refered Noise 

(Note 1) 


10 


pA 

■jHz 

Detection Threshold 

1 .6ps Input Pulse, 1 ps < Rxx < 8ps 


200 

400 

nA 

Signal to Noise Ratio 

Idet = 200nA (Note 1) 


11.8 



Lower Band Limit 

(Note 1) 


50 


kHz 

Upper Band Limit 

(Note 1) 


1 


MHz 

Output Pulse Width 

Idet = 400nApk to 20mApk, 0 to 200pADC, 1 .6ps Input Pulse 

1.0 


8.0 

ps 

RXX Output (Vol) 

Irxx = 800pA 


200 

400 

mV 

RXX Output (Voh) 

Irxx = -lOOpA, DVDD - RXX 


200 

400 

mV 

RXX Rise Time 

From 10% to 90% of DVDD 


150 

200 

ns 

RXX Fall Time 

From 90% to 10% of DVDD 


100 

150 

ns 

Itxx 

TXX = 0 to AVDD 

-10 


10 

pA 
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UCC5342 


ELECTRICAL CHARACTERISTICS (cont.): Unless otherwise specified, Ta = 0°C to 70°C, AVDD = 3.0V to 5.5V, 
Cavdd = lOOnF, Cdvdd = lOOnF, Ccat = 4.7fiF + lOOnF, Crxx = 40pF, Cdet < 56pF. Ta = Tj. 


PARAMETER 

TEST CONDITION 

MIN 

TYP 

MAX 

UNITS 

TXX (ViH) 



2 

2.5 

V 

TXX (ViL) 


0.8 

1 


V 

LED 

TXX = AVDD = 4.5V, Iled = 500mA 


0.3 

0.6 

V 

TXX = AVDD = 3.0V, Iled = 300mA 


0.3 

0.6 

V 

AVDD - LED 

TXX = 0, AVDD = 3.0V, ILED = -1 mA 


0.2 

0.6 

V 


Note 1: Guaranteed by design. Not 100% tested in production. 

PIN DESCRIPTIONS 

AGND: Ground reference for analog circuits. Connect to 
circuit board ground plane. 

AVDD: Supply pin for analog circuits. Bypass to AGND 
with a lOOnF or 1 jllF ceramic capacitor. 

CAT: Filtered supply for PIN diode cathode. Internally 
connected to AVDD with a 20Q resistor. Bypass to AGND 
with a 4.7jiF capacitor plus a lOOnF ceramic capacitor. 

DET: Input to receiver amplifier. Connect to PIN diode 
anode. Shield with a AVDD and/or AGND from all other 
signals, especially RXX. 

DGND: Ground pin for digital circuits. Connect to circuit 
board ground plane. 

DVDD: Supply pin for digital circuits. Internally connected 

APPLICATION INFORMATION 
Ground Plane 

There are 3 ground connections shown on the applica- 
tion drawing, representing the sensitive analog ground, 
the ‘dirty’ digital ground and the high current transmitter 
ground. These 3 points can simply be geographic group- 
ings of connections to a ground plane. If a ground plane 
is not used, other provision to isolate the analog and digi- 
tal ground currents should be provided. The use of a 
ground plane is strongly recommended. 

DET Considerations 

DET is flanked by AGND and an unconnected pin. This 
should be used to good advantage by fully enclosing the 
DET circuit board trace with AGND in order to shield 
leakage noise from DET. The DET circuit board trace 
length should be minimized. Since the PIN diode con- 
nected to DET is capacitive, noise coupling to the cath- 
ode of the diode will be coupled directly to DET. For this 
reason, the lOOnF capacitor on CAT should be located 
physically close to the cathode of the PIN diode. 


to AVDD with a 2kQ resistor. Bypass to DGND with a 
lOOnF or 1 jaF ceramic capacitor. 

LED: Open drain of transmitter output transistor. Connect 
to an external IrDA compliant light emitting diode via an 
external resistor. 

PGND: Source of transmitter output transistor. Connect 
to circuit board ground plane. 

RXX: Output of the detect amplifier and buffer. Connect 
to UART. Avoid coupling the RXX signal to DET. 

SLEEP: Sleep mode select pin. A logic high on SLEEP 
puts the chip into sleep mode, reducing IDD to 0.5 jjA 
typical. 

TXX: Input from UART to transmit LED driver. 


There is natural parasitic coupling from RXX to DET. 
RXX should be routed to minimize the parasitic capaci- 
tive coupling from RXX to DET. 

Analog Power Supply Decoupling 

The UCC3542 has a highly sensitive amplifier section ca- 
pable of detecting extremely low current levels (200nA 
typical). Achieving this sensitivity requires quiet analog 
power supply rails. A lOOnF high frequency capacitor in 
close proximity to AVDD and AGND is required for quiet 
analog rails. 

The transmitter section of the chip runs form the AVDD 
supply and draws high peak currents (~500mA in a typi- 
cal application). A bulk capacitor may be required close 
to the AVDD and AGND pins if the connection length to 
the power supply is long, or if the supply is relatively high 
impedance. This bulk capacitor is in addition to the 
lOOnF high frequency capacitor mentioned above. The 
bypass capacitors on CAT and AVDD should present 
very low equivalent series resistance and inductance to 
the circuit. 
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UCC5342 


APPLICATION INFORMATION (cont.) 

Digital Power Supply 

DVDD is fed directly from AVDD through an internal 2k 
resistor. The DVDD bypass capacitor handles all tran- 
sient current produced by the digital section of the chip. If 
more drive is required from RXX, than the internal 2k re- 
sistor will allow, an external resistor can shunt it. This 
technique should always be accompanied by increasing 


the value of the decoupling capacitor on DVDD and 
AVDD. 

Economy Application 

The diagram of the economy application shows only one 
bypass capacitor. This application is suitable where maxi- 
mum sensitivity is not required and where the power sup- 
ply feeding AVDD is relatively clean and low impedance. 



Figure 1. Typical Application of the UCC5342 




Figure 2. Economy Application of the UCC5342 
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UNITRODE 


UCC5343 

PRELIMINARY 


IrDA Transceiver with Encoder/Decoder 


FEATURES 

Micropower in the Sleep Mode, (2piA) 

3V to 5 V Operation 

Wide Dynamic Receiver Range from 
200nA to 50mA Typical 

Direct Interface to IrDA Compatible 
UARTs or Super I/O ICs 

Supports IrDA Standard to 1 15.2kbps 
Data Rates 

T ransmitter Output Stage Capable to 
500mA Sink Current 

IrDA Compliant Modulation & 
Demodulation Scheme 

Direct Interface to Standard UART 

16 Pin SSOP, SOIC and DIL Package 


BLOCK DIAGRAM 


DESCRIPTION 

The UCC5343 IrDA Transceiver with Encoder/Decoder supports the 
Physical Layer specifications of the IrDA standard. Additional functional- 
ity is provided by data format translation between standard UART and 
IrDA formats. The UCC5343 is readily interfaced to a standard UART. 

The Receiver has a limiting transresistance amplifier to detect a current 
signal from a PIN diode and drives RXX pulses into a UART. The re- 
ceiver is capable of detecting input currents ranging from 200nA to 
greater than 50mA. The receiver signal path is frequency limited by an 
internal bandpass filter to reduce interference from other sources of IR 
energy. 

The output of the receiver is designed for direct interface to standard 
UARTs and Super I/O devices up to 115.2kbps. Internal resistors are 
provided for decoupling the pin diode supply, minimizing the number of 
required external components. 

The UCC5343 has low current consumption in the active mode, making 
it excellent for applications with low power requirements. The transmit- 
ter section has a low impedance open drain MOSFET output. It is capa- 
ble of sinking 300mA from an output LED at 3V and 500mA at LED at 
5V. 


SLEEP 


DVDD 


AVDD 


CAT 


DET 


AGND 


LED 


PGND 



RXX 


TXX 


DGND 


RTSB 


UARTCLK 


TXMODE 


N/C 


N/C 


1/98 
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UCC5343 


ABSOLUTE MAXIMUM RATINGS 

AVDD, DVDD, CAT -0.3V to 7 V 

SLEEP, DET, TXX, LED, 

DVDD, CAT —0.3mA to AVDD + 0.3mA 

Irxx -10mA to 10 mA 


Idet 250mA 

Iled 1 A 

Power Supply TBA 

Storage Temperature -65°C to +150°C 

Junction Temperature -55°C to +150°C 

Lead Temperature (Soldering, lOsec.) +300°C 


All voltages are positive with respect to AGND. DGND and 
PGND must be connected to AGND. Currents are positive into, 
negative out of the specified terminal. Consult Packaging Sec- 
tion of the Databook for thermal limitations and considerations of 
packages. 


CONNECTION DIAGRAM 


SSOP-16, SOIC-16 and DIL-16 (Top View) 

M Package, D and N Packages 

pgnd[T 



16] LED 

dgnd|T 



15] N/C 

txmode|T 



iTj RSTB 

txx[T 



TTj UART CLK 

RxxfjT 



^2]N/C 

sleep[T 



TT]agnd 

dvdd|~7| 



^oJdet 

AVDD |~8~ 

— 


T]cat 


ELECTRICAL CHARACTERISTICS: Unless otherwise specified, 0°C < Ta < 70°C Ta = 0°C to 70°C, AVDD = 3V to 5.5V, 
Cavdd = lOOnF, Cdvdd = lOOnF, Ccat = 4.7pF + lOOnF, Crxx = 40pF, Cdet < 56pF. Ta = Tj. 


PARAMETER 

TEST CONDITIONS | MIN 

TYP 

MAX | UNITS 

| Supply Current Section 

IDD 

No Output Load, SLEEP < 0.5V 


280 

450 

pA 


SLEEP > AVDD -0.5V 


1 

3 

pA 

Rvdd 

AVDD to DVDD 

1.0 

2 

3.0 

kQ 

Rcat 

AVDD to CAT 

15 

20 

32 

n 

1 Receiver Section | 

Input Referred Noise 

(Note 1) 


10 


pA_ 

4hz 

Detection Threshold 



200 

400 

nA 

DetectionThreshoid Signal to Noise Ratio 

Idet = 200nA (Note 1) 


11.8 



Lower Band Limit 

(Note 1) 


50 


kHz 

Upper Band Limit 

(Note 1) 


1 


MHz 

Output Pulse Width 

Idet = 200nA Peak to 20mA Peak and 0 to 
200pADC, 1 .6pS Peak fUARTCLK = 2MHz 


8.95 


^iS 

RXX Output (Vol) 

Irxx = 800pA 


200 

400 

mV 

RXX Output (Voh) 

Irxx = -100pA, DVDD - RXX 


200 

400 

mV 

RXX Rise Time 

10% to 90% of DVDD 


150 

200 

nS 

RXX Fall Time 

90% to 10% of DVDD 


100 

150 

nS 

| Transmitter Section 

ITXX 

TXX = 0 to AVDD 

-1 


1 

pA 

TXX (Vih) 

DVDD = 5V 

0.7* 

DVDD 


DVDD 

V 

TXX ( Vil) 

DVDD = 5V 

I 

0 


0.3* 

DVDD 

V 

LED 

TXX = 0, AVDD = 4.5V, Iled = 500mA 


0.3 

0.6 

V 

TXX = 0, AVDD = 3V, Iled = 300mA 


0.3 

0.6 

V 

| Encoder Transmit Section 

| Encoder Output Pulse Width 

TXMODE = VDD | 1.41 

2.23 | (iS 


Note 1: Guaranteed by Design. Not 100% tested in production. 
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UCC5343 


PIN DESCRIPTIONS 

AGND: Ground pin for analog circuits. 

AVDD: Supply pin for analog circuits. Bypass to AGND 
with lOOnF or IpF capacitor. 

CAT: This pin is a filtered supply for PIN diode cathode. 
Internally connected to AGND with a 20H resistor. By- 
pass to a GND with a 4.7jxF electrolytic capacitor and a 
lOOnF ceramic capacitor. 

DET: This is the input to the receiver amplifier. Connect 
pin diode anode to this pin. 

DGND: Ground pin for digital circuits. 

DVDD: Supply pin for digital circuits. Internally connected 
to AVDD through 2k resistor. This pin must be bypassed 
to DGND with a lOOnf or IpF ceramic capacitor. 

LED: LED pin is the output of the transmitter section of 
the chip. The signal on this pin is the IrDA encoded ver- 
sion of the UART transmit signal. 

PGND: Ground pin for the transmitter power device. This 
pin should be connected to the circuit board ground 
plane. 

APPLICATION INFORMATION 

Figures 1 and 2 outline the IrDA SIR encoding scheme. 
The encoding scheme relies on a clock being present. 
The clock must be set to 16 times the data transmission 
baud rate. The encoder sends a pulse for every space (0) 
that is sent. On a high to low transition of TXD signal, the 
generation of the pulse is delayed for 7 clock cycles of 


RSTB: This active low input signal is used to reset the 
encoder and decoder sections of the chip. This signal 
must be provided by the system during startup. 

RXX: RXX is the demodulated receive signal. Normally 
this pin is tied to SIN signal of UART. TTL/CMOS com- 
patible output from the receiver stage to an IrDA UART. 
This output is digitally decoded (pulse stretched). 

SLEEP: Sleep mode select pin. A logic high on SLEEP 
pin puts the chip into a low current mode. 

TXMODE: TXMODE is used to select the modulation 
mode. If TXMODE is set high (1) the signal on TXD pin 
will have the output pulse width of 1.6pS. If TXMODE is 
set low (0), the output will have the pulse width of 3/16 of 
the UARTCLK frequency. 

If TXMODE pin is left floating, the output will default to 
1 .6pS pulse width. 

TXX: Input from the UART. This pin is normally tied to 
SOUT signal of UART. 

UARTCLK: Input of the system clock. This frequency 
must set at 16 times the IrDA data rate, and must be 
available from the UART. 

the 16XCLK before the pulse is set high for 3/16 of a bit 
time or 1 .6jas the pulse width is selected by TXMODE. 
For consecutive spaces, pulses with 1 bit time delay are 
generated in series. If a logic 1 (mark) is sent, the en- 
coder does not generate a pulse. 






UCC5343 


APPLICATION INFORMATION (cont. 



Figure 2. IrDA Encoder Timing Diagram (1.6ps Pulse Width) 


The IrDA SIR decoding modulation method performs a is translated into a space (0) on the RXD output. If a se- 
pulse stretching function. Every high to low transition of ries of pulses separated by 1 bit time are received, then 
the IRRXD line signifies an arrival of a 3/1 6th pulse. This the result is a 1 bit time low pulse for every 3/16 pulse re- 
pulse needs to be stretched to accommodate 1 bit time ceived. The decoding scheme is shown in Figure 3. 

(or 16 of 16XCLK cycles). Every pulse that is received 



Figure 3. IrDA Decoder Timing Diagram 
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UCC5343 


APPLICATION INFORMATION (cont.) 

Ground Plane 

There are 3 ground connections shown on the applica- 
tion drawing. They represent the sensitive analog ground, 
the dirty digital ground, and the high current transmitter 
ground. These 3 points can simply be geographic group- 
ings of connections to a ground plane. If a ground plane 
is not used, other provision to isolate the analog and digi- 
tal ground currents should be provided. The use of a 
ground plane is strongly recommended. 

DET Considerations 

The DET circuit board trace should be surrounded with 
AGND in order to shield leakage noise from DET. The 
DET circuit board trace length should be minimized. 
Since the PIN diode connected to DET is capacitive, 
noise coupling to the cathode of the diode will be cou- 
pled directly to DET. For this reason, the lOOnF capacitor 
on CAT should be located physically close to the cathode 
of the PIN diode. 

There is natural parasitic coupling from RXX to DET. 
RXX should be routed to minimize the parasitic capaci- 
tive coupling from RXX to DET. 


Analog Power Supply De-coupling 

The UCC5343 has a highly sensitive amplifier section ca- 
pable of detecting extremely low current levels (200nA 
typical). Achieving this sensitivity requires quiet analog 
power supply rails. A lOOnF high frequency capacitor in 
close proximity to AVDD and AGND is required for quiet 
analog rails. 

The transmitter section of the chip runs from the AVDD 
supply and draws high peak currents (~ 500 mA in a typi- 
cal application). A bulk capacitor may be required physi- 
cally close to the AVDD and AGND pins if the connection 
length to the power supply is long or if the supply is or 
appears to be relatively high impedance. This bulk ca- 
pacitor is in addition to the lOOnF high frequency capaci- 
tor mentioned above. The bypass capacitors on CAT and 
AVDD should present very low equivalent series resis- 
tance and inductance to the circuit. 

Digital Power Supply 

DVDD is fed directly from AVDD through an internal 2k 
resistor. The DVDD bypass cap handles all transient cur- 
rent produced by the digital section of the chip. If more 
drive is required from RXX than the internal 2k resistor 
will allow, an external resistor can shunt it. This technique 
should always be accompanied by increasing the value 
of the de-coupling capacitor on DVDD and AVDD. 
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UNITRODE 

Design Note 


UCC5342 “IrDA 115.2kbps Transceiver” 
Evaluation Board, Schematic, and List of Materials 


The UCC5342 demonstration board is supplied as- 
sembled and ready to test. This board is a com- 
plete implementation of the IrDA physical layer at 
speeds up to 115Kbps. The user needs to supply 
power and an IrDA compliant input pulse train to 
use the board. 

The board was built to allow some user configura- 
tion. The jumper block JP1 allows the user to select 
the current through the IR led. JP2 will put the chip 
into its run or sleep modes. Shorting the pads of J2 
and J3 will give a common supply with ability to 
use only one supply bypass capacitor. In this con- 
figuration, Cl and C3 may be removed. This will re- 
duce the noise immunity of the board and 


adversely affect performance at low signal levels, 
but reduces parts count. An area is provided on the 
board where a mounting hole may be drilled or a 
clamp may be attached without affecting perform- 
ance. 

The schematic of the board as supplied is shown in 
Figure 1. Figure 2 shows the board equivalent 
schematic after removing Cl and C3 and bridging 
J2 and J3. Removing Cl and C3 and bridging J2 
and J3 creates a minimally bypassed economy 
application that uses fewer components at the 
expense of some sensitivity. The amount of 
sensitivity reduction seen will vary with the 
individual application but should not be great. 
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DN-88 


CONNECTIONS TO THE BOARD 

There are only four connections to make to the 
board - two power connections and two signal 
connections. Power connections are made at the 
terminals marked (+) and (-) on J1 . 

The power supply should be clean, as this is a part 
that is sensitive to noise on the power supply. The 
voltage must be between 2.7 and 5.5 volts. If two 
boards are being used to talk to each other, sepa- 
rate power supplies for each board are strongly 
recommended to reduce the possibility of noise 


coupling from the transmitter board to the receiving 
board’s power supply. 

The TXX terminal can be hooked to either a pulse 
generator or to the transmit output of an IrDA com- 
patible UART. The voltage on this connection 
should not be allowed to go higher that the (+) ter- 
minal. The RXX terminal can be monitored with an 
oscilloscope or connected to the receive input of an 
IrDA compatible UART. 



APPLICATIONS INFORMATION 
Ground Plane: There are three ground connec- 
tions shown on the application drawing. They rep- 
resent the sensitive analog ground, the ‘dirty’ digital 
ground, and the high current transmitter or power 
ground. These three points can simply be geo- 
graphic groupings of connections to a ground 
plane. If a ground plane is not used, other provi- 
sions to isolate the analog and digital ground cur- 
rents should be provided. The use of a ground 
plane is strongly recommended. 

DET Considerations: DET is flanked by AGND 
and an unconnected pin. This should be used to 


good advantage by fully enclosing the DET circuit 
board trace with AGND in order to shield leakage 
noise from DET. The DET circuit board trace 
length should be minimized. Since the PIN diode 
connected to DET is capacitive, noise coupling to 
the cathode of the diode will be coupled directly to 
DET. For this reason, the I.OmF capacitor on CAT 
should be located physically close to the cathode 
of the PIN diode. 

There is natural parasitic coupling from RXX to 
DET. RXX should be routed to minimize the para- 
sitic capacitive coupling from RXX to DET. 
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Analog Power Supply De-coupling: The 

UCC5342 has a highly sensitive amplifier section 
capable of detecting extremely low current levels 
(200nA typical). Achieving this sensitivity requires 
quiet analog power supply rails. A lOOnF high fre- 
quency capacitor in close proximity to AVDD and 
AGND is required for quiet analog rails. 

The transmitter section of the chip runs from the 
AVDD supply and draws high peak currents (~ 500 
mA in a typical application). A bulk capacitor may 
be required physically close to the AVDD and 
AGND pins if the connection length to the power 
supply is long or if the supply is or appears to be 
relatively high impedance. This bulk capacitor is in 
addition to the lOOnF high frequency capacitor 
mentioned above. The bypass capacitors on CAT 
and AVDD should present very low equivalent se- 
ries resistance and inductance to the circuit. Suit- 
able capacitors for this purpose are low ESR/ESL 
tantalums, or ceramic as used on the demo board. 

Digital Power Supply: DVDD is fed directly from 
AVDD through an internal 2k resistor. The DVDD 
bypass cap handles all transient current produced 
by the digital section of the chip. If more drive is 


JUMPER SETTINGS 

JP1: This jumper block selects one or a 
combination of three parallel resistors as a current 
limit for the IR LED. This setting will determine the 
transmitter output power. The actual current 
through the transmitter LED will depend upon the 



required from RXX than the internal 2k resistor will 
allow, an external resistor can shunt it. This 
should always be accompanied by increasing the 
value of the de-coupling capacitor on DVDD and 
AVDD. 

Economy Application: The diagram of the econ- 
omy application shows only one bypass capacitor. 
This application is suitable where maximum sensi- 
tivity is not required and where the power supply 
feeding AVDD is relatively clean and low imped- 
ance. 

Digital Output (RXX) Loading Requirements. In 

most applications, it will be necessary to limit the 
edge rate on the RXX pin of the UCC5342. The 
reason for this is glitching on this output caused by 
coupling from this output to the DET pin. The edge 
rate is limited by capacitive loading on the pin. A 
56pF capacitor will limit the edge rate to about a 
1 00ns rise time. This value proved satisfactory for 
the demo board. 

For more information, pin description and specifi- 
cations for the UCC5342, please refer to the da- 
tasheet or contact your Unitrode Field Applications 
Engineer. 


voltage supplied to the circuit. Any or all of the 
resistors may be used at the same time. See Ta- 
ble 1 and Table 2. 

JP2: This jumper places the chip into its normal 
running mode or its sleep mode according to 
Table 3. 


POSITION 

ADDED RESISTOR 

1-2 

20Q. 

3-4 

J \0O 

5-6 

ion 


Table 1. JP1 Settings 
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. 

1-2 

3-4 

5-6 

EFFECTIVE 

RESISTANCE 

X 



200 


X 


10Q 

X 

X 


6 2/30 


X 

X 

50 

X 

X 

X 

40 


Table 2. Effective LED Resistor 


1-2 

3-4 

MODE 

X 


Sleep 


X 

Run 


Table 3. Run/Sleep Mode 


REFERENCE 

DESIGNATOR 

PART DESCRIPTION 

MANUFACTURER 

PART 

NUMBER 

Cl 

I.OpF, 16V Ceramic Capacitor 

Mu rata 

GRM42-6Y5V1 05Z1 6BL 

C2 

I.OpF, 16V Ceramic Capacitor 

Mu rata 

GRM42-6Y5V1 05Z1 6BL 

C3 

lOOnF, 50V Ceramic Capacitor 

Mu rata 

GRM42-6X7R1 04K050BL 

C4 

56pF,50V Ceramic Capacitor 

Mu rata 

GRM42-6COG560J050BD 

D1 

Infrared Photodiode 

Temic 

BPV22NF 

D2 

Infrared LED 

Hewlett Packard 

HSDL4230 

jpi 

6 Position Dual Row Header, 

AMP 

4-103322-0 

JP2 

3 Position Single Row Header, 

AMP 

4-103321-0 

J1 

4 Position Compression Terminal 
Block 

OST 

EDI 601 (2 required) 

R1 

200, 1/8W, Metal Film Resistor 



R2 

100, 1/8W, Metal Film Resistor 



R3 

100, 1/8W, Metal Film Resistor 



U1 

1 1 5Kbps IrDA T ransceiver 

Unitrode 

UCC5342 


Table 4. Parts List 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 


9-18 








UIMITRODE 


Design Note 


UCC5343 Evaluation Board, Schematic and List of Materials 


INTRODUCTION 

The UCC5343 evaluation board is supplied assem- 
bled and ready to test. This board is a complete in- 
terface of the IrDA physical layer to a standard 
UART at speeds up to 115Kbps. The user needs to 
supply power, an IrDA compliant input pulse train 
and a UART with an available 16X baud clock to 
use the board. 


The board was built to allow some user configura- 
tion. The jumper block J1 allows the user to select 
the transmitter mode. J2 will put the chip into its 
run or sleep modes. An area is provided on the 
board where a mounting hole may be drilled or a 
clamp may be attached without affecting perfor- 
mance. 

The schematic of the board as supplied is shown 
in Fig. 1 . 



Figure 1 . Schematic. 


CONNECTIONS TO THE BOARD 

There are only five connections to make to the 
board - two power connections, two signal connec- 
tions (RXX and TXX) and a clock signal. 

Power connections are made at terminals 1 and 4 
(positive is 1 , negative is 4) on J3. The power sup- 
ply must be clean, since this part is sensitive to 


noise on the power supply. The voltage must be 
between 2.7 V and 5.5V. If two boards are being 
used to talk to each other, separate power supplies 
for each board are strongly recommended to re- 
duce the possibility of noise coupling from the 
transmitter board to the receiving board’s power 
supply. The TXX terminal should be connected to 
the transmit output of a standard UART. 
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The voltage on this connection should not be al- 
lowed to go higher than the voltage at pin 1 of J3. 
The RXX terminal can be monitored with an oscil- 
loscope or connected to the receive input of a stan- 
dard UART. The connector marked J4 is for 
connecting the 16X baud clock from the UART A 
BNC connector is used here to minimize the possi- 
bility of coupling the UARTCLK signal into the DET 
line on the UCC5343, and causing erroneous oper- 
ation. If a coaxial cable is not used to connect this 


signal, twisted pair is recommended. Connect the 
pair to the bottom of the board, active line to the 
center terminal of J4, return line to one of the outer 
terminals of J4. 

Fig. 2 shows a typical connection of the evaluation 
board to a 16550 type UART. 

With this setup, a pair of UARTS can perform half 
duplex communication over an IR link. 



Figure 2. Interface to 1 6550 UART. 


DATA 

BUS 


SERIAL 

HANDSHAKING- 
CONNECT AS 
NEEDED 


UDG-98173 
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DET Considerations 

The DET circuit board trace is surrounded with 
AGND in order to shield leakage noise from DET 
The DET circuit board trace length is minimized. 
Since the PIN diode connected to DET is capaci- 
tive, noise coupling to the cathode of the diode will 
be coupled directly to DET. For this reason, the 
1 .OmF capacitor on CAT should be located physi- 
cally close to the cathode of the PIN diode. 

There is natural parasitic coupling from RXX to 
DET. RXX is routed to minimize the parasitic ca- 
pacitive coupling from RXX to DET. 

It is extremely important to keep the UARTCLK line 
as far away from the DET and CAT lines as possi- 
ble. This relatively noisy signal will cause errone- 
ous operation if it is allowed to couple into the IR 
detection circuitry. As an example, in one applica- 
tion the UARTCLK line was on the opposite side of 
the board and orthogonal to the DET trace. Even 
so, there was enough coupling between the two to 
cause problems. 

Analog Power Supply De-coupling 

The UCC5343 has a highly sensitive amplifier sec- 
tion capable of detecting extremely low current lev- 
els (200nA typical). Achieving this sensitivity 
requires quiet analog power supply rails. As a mini- 
mum, a lOOnF high frequency capacitor in close 
proximity to AVDD and AGND is required for quiet 
analog rails. 


The transmitter section of the chip runs from the 
AVDD supply and draws high peak currents (~ 500 
mA in a typical application). A bulk capacitor may 
be required physically close to the AVDD and 
AGND pins if the connection length to the power 
supply is long or if the supply is or appears to be 
relatively high impedance. This bulk capacitor is in 
addition to the lOOnF high frequency capacitor 
mentioned above. The bypass capacitors on CAT 
and AVDD should present very low equivalent se- 
ries resistance and inductance to the circuit. 

Digital Power Supply 

DVDD is fed directly from AVDD through an inter- 
nal 2K resistor. The DVDD bypass cap handles all 
transient current produced by the digital section of 
the chip. If more drive is required from RXX than 
the internal 2K resistor will allow, an external resis- 
tor can shunt it. This technique should always be 
accompanied by increasing the value of the 
de-coupling capacitor on DVDD and AVDD. 

Jumper Settings 

J1: This jumper selects the operating mode of the 
transmitter encoder in the UCC5343. The two 
modes available differ in the length of the transmit- 
ted pulse that the chip puts out. See Table 1 . 

J2: This jumper places the chip into its normal run- 
ning mode or its sleep mode as described in Table 
3. 



Figure 3. Jumper locations on the UCC5343 evaluation board 


UDG-98175 
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Table 1. J1 Settings Table 2. J2 Settings 


Position 

Mode 

1-2 

1 .6jis pulse 

2-3 

3/1 6 bit time pulse 


Position 

Mode 

1-2 

Sleep 

2-3 

Run 


Table 3. Parts List 


Designator 

Description 

Manufacturer 

Part Number 

Cl 

I.O 4 F 16V Ceramic Capacitor 

Mu rata 

GRM42-6Y5V1 05Z1 6BL 

C2 

1 .OillF 16V Ceramic Capacitor 

Mu rata 

GRM42-6Y5V105Z16BL 

C3 

lOOnF 50V Ceramic Capacitor 

Mu rata 

GRM42-6X7R1 04K050BL 

C4 

lOOnF 50 V Ceramic Capacitor 

Murata 

GRM42-6X7R1 04K050BL 

D1 

Infrared Photodiode 

Temic 

BPV22NF 

D2 

Infrared LED 

Hewlett Packard 

HSDL4230 

J1 

3 Position Single Row Header 

AMP 

4-103321-0 

J2 

3 Position Single Row Header 

AMP 

4-103321-0 

J3 

4 Position Compression Terminal Block 

OST 

EDI 601 (2 reg’d) 

J4 

BNC Jack 

AMP 

227699-2 

R1 

10W, 1/8W Metal Film 


Resistor 

R2 

10K, 1/8W Metal Film 


Resistor 

U1 

1 1 5Kbps IrDA T ransceiver with Encoder/Decoder 

Unitrode 

UCC5343 


For more complete information, pin descriptions and 
specifications for the UCC5343, IrDA Transceiver with 
Encoder/Decoder, please refer to the UCC5343 data 
sheet or contact your Unitrode Field Applications Engi- 
neer at (603) 424-2410. 


UNITRODE CORPORATION 
7 CONTINENTAL BLVD. • MERRIMACK, NH 03054 
TEL. (603) 424-2410 • FAX (603) 424-3460 
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SCSI 


Multimode /LVD SCSI 


UNITRODE PART NUMBER 


Active Terminators 

UCC5628+ 

UCC5630 

UCC5632 

UCC5638+ 

UCC5639+ 

Channels 

14 

9 

9 

15 

15 

Channel Capacitance 

4 

4 

4 

4 

4 

Termination Impedance 

SinglellO, 
Differential 105, 
Common Mode 
150 

SinglellO, 
Differential 105, 
Common Mode 
150 

Single 110, 
Differential 105, 
Common Mode 150 

Single 110, 
Differential 105, 
Common Mode 
150 

Single 110, 
Differential 105, 
Common Mode 
150 

Disconnect High or Low 

H 

H 

H 

H 

L 

Termpwr Voltage Range 

2.7 - 5.25 

2.7 - 5.25 

2.7 - 5.25 

2.7 - 5.25 

2.7 - 5.25 

Supports Active Negation 

Y 

Y 

Y 

Y 

Y 

SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 

<10nA 

<10nA 

Type LVD or SE/LVD 

LVD/SE 

LVD/SE 

LVD/SE 

LVD/SE 

LVD/SE 

Page Number 

IF/3-78 

IF/3-83 

IF/3-93 

IF/3-94 

IF/3-99 


Multimode /LVD SCSI 


UNITRODE PART NUMBER ! 

Active Terminators 

UCC5640+ 

UCC5641+ 

UCC5646 

Channels 

9 

9 

27 



Channel Capacitance 

3 

3 

3 



Termination Impedance 

Differential 105, 
Common 
Mode 150 

Differential 105, 
Common 
Mode 150 

Differential 1 05, 
Common 
Mode 150 



Disconnect High or Low 

H 

L 

H 



Termpwr Voltage Range 

2.7 - 5.25 

2.7-5.25 

2.7 - 5.25 



SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 



Type LVD or SE/LVD 

LVD 

LVD 

LVD 



Page Number 

IF/3-104 

IF/3-108 

IF/3-112 




+ New Product 
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SCSI (cont.) 


Multimode / LVD SCSI 


UNITRODE PART NUMBER 

Active Terminators 

UCC5510+ 

UCC5630A 

UCC5672+ 

UCC5680 

Channels 

9 

9 

9 

9 


Channel Capacitance 

4 

4 

4 

4 


Termination Impedance 

Singlel 10, 
Differential 105, 
Common Mode 
150 

Singlel 10, 
Differential 105, 
Common Mode 
150 

Singlel 10, 
Differential 105, 
Common Mode 
150 

Single 110, 
Differential 105, 
Common Mode 
150 


Diff B input filter 

N 

N 

Y 

Y 


Disconnect High or Low 

N/A 

H 

H 

H 


Termpwr Voltage Range 

2.7-5.25 

2.7 - 5.25 

2.7 - 5.25 

2.7 - 5.25 


Supports Active Negation 

Y 

Y 

Y 

Y 


SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 

<10nA 


Type LVD orSE/LVD 

LVD/SE 

LVD/SE 

LVD/SE 

LVD 


Page Number 

IF/3-5 

IF/3-87 

IF/3-120 

IF/3-121 



Single Ended SCSI 

Active Terminators 

UC5601 

UNITRODE PART NUMBER 

UC5602 UC5603 UC5604 

UC5605 

Channels 

18 

18 

9 ' 

9 

9 

Channel Capacitance 

10 

11 

6 

9 

4 

Termination Impedance 

110 

110 

110 

110 

110 

Disconnect High or Low 

H 

H 

H 

H 

L 

Termpwr Voltage Range 

4 - 5.25 

4 - 5.25 

4 - 5.25 

4 - 5.25 

4 - 5.25 

Supports Active Negation 

N 

N 

Y 

N 

Y 

SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 

<10nA 

<10nA 

Type SE, LVD orSE/LVD 

SE 

SE 

SE 

SE 

SE 

Page Number 

IF/3-9 

IF/3-13 

IF/3-18 

IF/3-22 

IF/3-26 


+ New Product 
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SCSI (cont.) 


Single Ended SCSI 

Active Terminators 

UCC5606 

UNITRODE PART NUMBER 

UC5607 UC5608 UC5609 

UC5612 

Channels 

9 

18 

18 

18 

9 

Channel Capacitance 

1.8 

8 

6 

6 

4 

Termination Impedance 

110 & 2500 

110 

110 

110 

110 

Disconnect High or Low 

L 

2L 

H 

L 

H 

Termpwr Voltage Range 

2.7 - 5.25 

4 - 5.25 

4 - 5.25 

4-5.25 

4 - 5.25 

Supports Active Negation 

Y 

Y 

Y 

Y 

Y 

SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 

<10nA 

<10nA 

TypeSE, LVD or SE/LVD 

SE 

SE 

SE 

SE 

SE 

Page Number 

IF/3-30 

IF/3-34 

IF/3-37 

IF/3-40 

IF/3-43 


Single Ended SCSI 

Active Terminators 

UC5613 

UNITRODE PART NUMBER 

UCC5614 UCC5617 UCC5618 

UCC5619 

Channels 

9 

9 

18 

18 

27 

Channel Capacitance 

3 

1.8 

2.5 

2.5 

3 

Termination Impedance 

110 

110 & 2500 

110 

110 

110 

Disconnect High or Low 

H 

H 

L 

H 

L 

Termpwr Voltage Range 

4 - 5.25 

2.7 - 5.25 

4 - 5.25 

4 - 5.25 

4 - 5.25 

Supports Active Negation 

Y 

Y 

Y 

Y 

Y 

SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 

<10nA 

<10nA 

TypeSE, LVD or SE/LVD 

SE 

SE 

SE 

SE 

SE 

Page Number 

IF/3-47 

IF/3-51 

IF/3-55 

IF/3-59 

IF/3-63 


+ New Product 
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SCSI (cont.) 


Single Ended SCSI 

Active Terminators 

UCC5620 

UNITRODE PART NUMBER 

UCC5621 UCC5622 

Channels 

27 

27 

27 



Channel Capacitance 

3 

3 

3 



Termination Impedance 

110 

110 

110 



Disconnect High or Low 

H 

Split Low 

Split High 



Termpwr Voltage Range 

4 - 5.25 

4 - 5.25 

4 - 5.25 



Supports Active Negation 

Y 

Y 

Y 



SCSI Hot Plug Current 

<10nA 

<10nA 

<10nA 



Type SE, LVD or SE / LVD 

SE 

SE 

SE 



Page Number 

IF/3-66 

IF/3-70 

IF/3-74 




Special Functions Circuit 

UNITRODE PART NUMBER 

UCC5661 

Part Name 

Ethernet Coaxial Impedance 
Monitor 



Description 

Contains all the Functions 
Required to Monitor Ethernet 
Coaxial Systems and is 
Compatible with IEEE 802.3, 
10Base5, 10Base2, and 
lOBaseT 



Page Number 

IF/3-112 




+ New Product 


Bus Bias Generators 


Special Functions 

UC382 

UNITRODE PART NUMBER 

UC385 UC560 UCC561 + 

UC563+ 

Bus Standard 

GTL/BTL 

GTL/BTL 

SCSI-1,2,3 

SPI-2,3 

VME/VME64 

Sink /Source Current 

Pgm / 3A 

Pgm / 5A 

300mA /-750mA 

200mA /-200mA 

475mA /-575mA 

Page Number 

PS/4-2 

PS/4-8 

IF/4-3 

IF/4-7 

IF/4-10 


+ New Product 
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Hot Swap Power Managers 


Hot Swap 


UNITRODE PART NUMBER 


Power Managers 

UCC3912 

UCC3913 

UC3914 

UCC3915 

UCC39151 

Voltage Range 

3V to 8V 

-10.5V to 
External 
Limitation 

5 V to 35V 

7 V to 1 5V 

7V to 15V 

Current Range 

OA to 3A 

Externally Limited 

Externally Limited 

0A to 3A 

OA to 3A 

Integrated Power FET 

Y 

N 

N ' 

Y 

Y 

RDSon 

150mn 

N/A 

N/A 

150ma 

150mQ 

Programmable Fault Threshold 

Y 

Y 

Y 

Y 

Y 

Programmable Time Delay 

Y 

Y 

Y 

Y 

Y 

Latched Fault Mode 

N 

Y 

Y 

N 

N 

Average Power Limiting 

N/A 

Y 

Y 

N/A 

N/A 

Application / Design Note 

DN-58, DN-68, 
U-151 

DN-67 

1 

DN-58, DN-68, 
U-151 

DN-58, DN-68, 
U-151 

Available Package 

TSSOP, SOIC or 
PDIP 

SOIC or PDIP 

SOIC or PDIP 

TSSOP, SOIC or 
PDIP 

TSSOP, SOIC or 
PDIP 

Page Number 

IF/5-9 

IF/5-15 

IF/5-23 

IF/5-37 

IF/5-42 


Hot Swap 

Power Managers 

UCC3916 

UNITRODE PART NUMBER 

UCC39161 UCC3917+ UCC3918 

UCC3919 

Voltage Range 

4V to 6V 

4V to 6V 

10V to External 
Limitation 

3 V to 6V 

3V to 8V 

Current Range 

-1.8A to -1.5A 

-1Ato-0.7A 

Externally Limited 

OA to 4A 

Externally Limited 

Integrated Power FET 

Y 

Y 

N 

Y 

N 

RDSon 

220mQ 

220mQ 

N/A 

60m£2 

N/A 

Programmable Fault Threshold 

N 

N 

Y 

Y 

Y 

Programmable Time Delays 

Y 

Y 

Y 1 

Y 

Y 

Latched Fault Mode 

N 

N 

Y 

N 

Y 

Average Power Limiting 

N/A 

N/A 

Y 

N/A 

Y 

Application / Design Note 



DN-98 

DN-87 

DN-95 

Available Package 

SOIC or PDIP 

SOIC or PDIP 

SOIC or PDIP 

SOIC or PDIP 

SOIC or PDIP 

Page Number 

IF/5-47 

IF/5-50 

IF/5-53 

IF/5-61 

IF/5-68 


+ New Product 
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Hot Swap Power Managers (cont.) 


Hot Swap 


UNITRODE PART NUMBER 

Power Managers 

UCC3921 

UCC3995+ 

UCC3996+ 

Voltage Range 

-10.5V to 
External 
Limitation 

2.75V to 5.5V 

2.75V to 13.6V 
Two Supplies 
Sequenced 



Current Range 

Externally Limited 

Externally Limited 

Externally Limited 



Integrated Power FET 

N 

N 

N 



RDSon 

N/A 

N/A 

N/A 



Programmable Fault Threshold 

Y 

Y 

Y 



Programmable Time Delay 

Y 

Y 

Y 



Latched Fault Mode 

Y 

N 

Y 



Average Power Limiting 

Y 

Y 

Y 



Application / Design Note 






Available Package 

SOIC or PDIP 

TSSOP or SOIC 

TSSOP, SOIC or 
PDIP 



Page Number 

IF/5-78 

IF/5-98 

IF/5-100 




Special Functions 

UCC3831 

UNITRODE PART NUMBER 

UCC38531 UCC3981+ UCC39811+ 

UCC3985+ 

Part Name 

Universal Serial 
Bus Power 
Controller 

Universal Serial 
Bus Power 
Controller 

Universal Serial 
Bus Power 
Controller 

Universal Serial 
Bus Power 
Controller 

CompactPCI 

Hot Swap Power 
Manager 

Description 

Powers Four 5V 
Peripherals and 
One 3.3V USB 
Controller 

Powers Four 5V 
Peripherals and 
One 3.3V USB 
Controller 

Powers Four 5V 
Peripherals and 
One 3.3V USB 
Controller 

Powers Four 5V 
Peripherals and 
One 3.3V USB 
Controller 

Fully CompactPCI 
Compliant. Four 
Channels for 
Individual Control 
of Four Supplies 
12V, -12V, 5V, 
and 3.3V 

Application / Design Note 






Available Package 

SOIC or PDIP 

SOIC or PDIP 

SOIC or PDIP 

SOIC or PDIP 

TSSOP, SOIC or 
PDIP 

Page Number 

IF/5-3 

IF/5-6 

IF/5-88 

IF/5-91 

IF/5-94 


+ New Product 


10-8 






Interface (IF) Selection Guides 



Drivers / Receivers Transceivers 


Interface 

Drivers, Receivers 

UC5170C 

UNITRODE PART NUMBER 

UC5171 UC5172 UC5180C 

UC5181C 

Drivers 

8 

8 

8 



Receivers 




8 

8 

Power 

±10V 

±10V 

±10V 

+5V 

+5V 

EIA232 / V.28 

Y 

Y 

Y 

Y 

Y 

EIA423/V.10 

Y 

Y 

Y 

Y 

Y 

EIA422/V.11 

N 

N 

N 

Y 

Y 

V.35 

N 

N 

N 

Y 

Y 

Appletalk 

N 

N 

N 

N 

Y 

Page Number 

IF/6-3 

IF/6-7 

IF/6-11 

IF/6-15 

IF/6-18 


+ New Product 


Interface Transceivers 

UC5350 

UNITRODE PART NUMBER 

UC5351+ 

Drivers 

1 

1 




Receivers 

1 

1 




Power 

+5V 

+5V to 24V 




Control Area Network 

Y 

Y 




Device Net 

Y 

Y 




SDS 

Y 

Y 




Page Number 

IF/6-21 

IF/6-27 





+ New Product 
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Nonvolatile SRAMs and RTCs (NV) Selection Guides 


y 


Unitrode nonvolatile controllers provide power monitoring, write-protection, and supply switching to convert standard 
SRAM and a backup battery into a reliable, predictable nonvolatile memory. The nonvolatile controller modules are 
complete battery-backup solutions including an encapsulated 130mAh lithium cell that is isolated until power is ap- 
plied. 


> Power monitoring and switching for 3V 
battery-backup applications 

> 5V V cc operation 

> Automatic write-protection during 
power-up/power-down cycles 


> Automatic switching from V cc to first backup 
battery and from first backup battery to second 
backup battery 

> Battery internally isolated until power is first 
supplied 

> Industrial temperature range available 







1 



160 mA 

8/NDIP, NSOIC 
16/NSOIC 

bq2201 

NV/3-3 

2 



160 mA 

16/NDIP, NSOIC 

bq2202 

NV/3-11 

2 

/ 

/ 

160 mA 

16/NDIP, NSOIC 

bq2203A 

NV/3-19 

4 



160 mA 

16/NDIP, NSOIC 

bq2204A 

NV/3-27 

2 



160 mA 

12 / DIP module 

bq2502 

NV/3-35 
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Static-RAM Nonvolatile Controller Cross-Reference 

Dallas Semiconductor 

Unitrode 

DS1210 

bq2201PN 1,2 

DS1210S 

bq2201S 1,2 

DS1218 

bq2201PN 1,2 

DS1218S 

bq2201SN 1,2 

DS1221 

bq2204APN 1,3 

DS1221S 

bq2204ASN 1 ’ 3 ’ 4 


Notes: 


1 . Unitrode’s bq2201 and bq2204A do not incorporate a “check battery status” function. 

2. Unitrode’s bq2201 pins THS and BC 2 should be tied to V ss . 

3. Optional “security feature” DS1221 pins are no-connect on the bq2204A. 

4. Unitrode’s bq2204ASN is a small 16-pin, 150-mil SOIC, compared to the DS1221S, which is a 
16-pin, 300-mil SOIC. 


0 . 300 " 0 . 300 " 



*These pairs must be connected 
to ground if the security option 
is not used. 
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Unicode's NVSRAMs integrate extremely low standby power SRAM, nonvolatile control circuitry, and a long-life lith- 
ium cell in either a single DIP package or a two-piece LIFETIME LITHIUM SMT module. The NVSRAMs combine se- 
cure long-term nonvolatility (more than 10 years without power) with standard SRAM pinouts and fast, unlimited 
read/write operation. > • \ * 


> Data retention without power > 

> Automatic write-protection during 

power-up/power-down cycles > 

> Industry-standard pinout 

> Conventional SRAM operation; unlimited write cycles ^ 


10 or 5 years minimum data retention in the 
absence of power 

Battery internally isolated until power is first 
supplied 

Industrial temperature range available 



Nonvolatile Static RAM Selection Guide 



Density 

Config- 

uration 

Access 

Time (ns) 

Minimum Data- 
Retention Time 

Pins / 
Package 

Part 

Number 1 

Page 

Number 

64Kb 

8Kb x 8 

70, 85 2 , 150 2 , 200 

1 0 years 

28 /DIP 

bq4010/Y 

NV/5-3 

256Kb 

32Kb x 8 

70 2 , 100, 150 2 , 200 

1 0 years 

28 /DIP 

bq401 1/Y 

NV/5-13 

1Mb 

128Kb x 8 

70 2 , 85 2 , 120 

1 0 years 

32 / DIP 

32 / SMT 

bq4013/Y 

NV/5-23 

2Mb 

256Kb x 8 

85, 120 

1 0 years 

32 / DIP 

bq4014/Y 

NV/5-33 

4Mb 

512Kb x 8 

70, 85, 120 

1 0 years 

32 /DIP 

32 / SMT 

bq4015/Y 

NV/5-42 

8Mb 

1024Kb x 8 

70 

10 years 

36 /DIP 

bq4016Y 

NV/5-52 

16Mb 

2048Kb x 8 

70 

5 years 

36 /DIP 

bq4017Y 

NV/5-61 

64Kb 

8kB x 8 

70 

1 0 years 

28/ 

SNAPHAT 

bq4310/Y+ 

NV/5-70 

256Kb 

32kB x 8 

70 3 , 100 5 

10 years 

28/ 

SNAPHAT 

bq4311Y/L 4 + 

NV/5-81 


Notes: 1 . 

2 . 

3. 

4. 

5. 

+ New Product 


“Y” version denotes 10% V cc tolerance. 

“Y” version available in -40°C to +85°C industrial temperature range. 
“Y” version only. 

“L” version denotes 3.2V typical Vcc operation. 

“L” version only. 
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Nonvolatile Static RAM Cross-Reference 


Density Dallas Semiconductor STMicroelectronics Unitrode 


64Kb 

DS1225AB 

M48Z08 

bq4010 

DS1225AD 

M48Z18 

bq4010Y 

- 

M48Z58 

bq4010/4823Y 

DS1225Y 

M48Z58Y 

bq4010Y 

256Kb 

DS1230AB 

M48Z35 

bq401 1 

DS1230Y 

M48Z35Y 

bq401 1 Y/4833Y 

1M 

DS1245AB 

M48Z128 

bq4013 

DS1245Y 

M48128Y 

bq4013Y 

2M 

DS1258AB 


bq4014 

DS1258Y 

- 

bq4014Y 

4M 

DS1250AB 

M48Z512A 

bq4015 

DS1250Y 

M48Z512AY 

bq4015Y 

8M 

DS1265AB 

- 

bq4016 

DS1265Y 

- 

bq4016Y 

16M 

DS1270AB 

M48Z2M1 

bq4017 

DS1270Y 

M48Z2M1 Y 

bq4017Y 
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y n 

Unitrode's real-time clocks (RTCs) provide highly integrated clock/calendar solutions for microcomputer-based de- 
signs. Each module is a completely self-contained unit, including 1C, crystal, and a battery ensuring operation for 10 
years in the absence of power. The very compact, low-power ICs need only a battery and a crystal for operation. 
NVSRAM controller versions allow users to make inexpensive SRAM nonvolatile for data and configuration storage in 
computers, portable equipment, office machines, and other applications. 


> Clock/calendar counts seconds through years with 
daylight savings and leap-year adjustments 

> IBM PC AT-compatible clocks include: 

— 5- or 3- Volt operation 

— 114, 240, or 242 bytes of user nonvolatile RAM 
storage 

> 32kHz output for power management 

> Nonvolatile control for an external SRAM 


> SRAM -based clocks feature: 

— SRAM interface 

— Up to 51 2 kilobytes of NVSRAM 
— CPU supervisor 

> One minute per month clock accuracy in modules 

> 1C versions require only a crystal and battery 





Real-Time Clock Selection Guid< 



Onboard 

RAM 

(bytes) 

NVRAM 

Control 

Bus 

Interface 

Voltage 

32kHz 

Output 

CPU 

Super- 

visor 

Pins / 

Package 

Part 

Number 

Page 

Number 

114 


Muxed 

5V 



24 /DIP, SOIC 

bq3285 

NV/4-3 

242 


Muxed 

5V 

y 


24 /DIP, SOIC, SSOP 

bq3285E 

NV/4-22 

242 


Muxed 

5V 

y 


24 / SSOP 

bq3285 EC/ED 

NV/4-46, NV/4-69 

242 


Muxed 

3V 

y 


24 /DIP, SOIC, SSOP 

bq3285L 

NV/4-22 

242 


Muxed 

3V 

y 


24 / SSOP 

bq3285LC/LD 

NV/4-46, NV/4-69 

240 


Muxed 

3V 



24 / SSOP 

bq3285LF+ 

NV/4-92 

114 


Muxed 

5V 



24/ DIP module 

bq3287/A 

NV/4-1 1 1 

242 


Muxed 

5V 

y 


24/ DIP module 

bq3287E/EA 

NV/4-115 

242 


Muxed 

3V 



24 /DIP Module 

bq3287LD+ 

NV/4-1 19 

114 

/ 

Muxed 

5V 



24 / DIP, SOIC 

bq4285 

NV/4-1 23 

114 

/ 

Muxed 

5V 

y 


24 /DIP, SOIC, SSOP, 

bq4285E 

NV/4-1 43 

114 

/ 

Muxed 

3V 

y 


24 /DIP, SOIC, SSOP 

bq4285L 

NV/4-1 43 

114 

y 

Muxed 

5V 



24 / DIP module 

bq4287 

NV/4-1 68 

0 


SRAM 

3V 


/ 

28 /DIP, SOIC 

28 / SNAPHAT 

bq4802+ 

NV/4-1 74 

8K 

y 

SRAM 

5V 


/ 

28/ DIP module 

bq4822Y 

NV/4-1 76 

8K 


SRAM 

5V 



28 / SNAPHAT 

bq4823Y+ 

NV/4-1 91 


+ New Product 
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32K 


SRAM 

5V 


28 /DIP module 

bq4830Y 

NV/4-205 

32K 


SRAM 

5V 

/ 

32 / DIP module 

bq4832Y 

NV/4-218 

32K 


SRAM 

5V 


28 / SNAPHAT 

bq4833Y+ 

NV/4-233 

128K 


SRAM 

5V 

/ 

32 / DIP module 

bq4842Y 

NV/4-247 

0 

/ 

SRAM 

5V 

/ 

28 /DIP, SOIC 

bq4845/Y 

NV/4-262 

0 

/ 

SRAM 

5V 

/ 

28 / DIP module 

bq4847/Y 

NV/4-279 

512K 


SRAM 

5V 

/ 

32 / DIP module 

bq4850Y 

NV/4-282 

512K 


SRAM 

5V 

/ 

36 / DIP module 

bq4852Y 

NV/4-295 


+ New Product 


Real-Time Clock Cross-Reference 

Dallas Semiconductor 

STMicroelectronics 

Unitrode 

DS 1285/885 

- 

bq3285P 

DS1285S/885S 

- 

bq3285S 

DS 1287/887 

- 

bq3287MT 

DS1287A/887A 

M48T86 

bq3287A 

DS 14285 

- 

bq4285 

DS 14285 

- 

bq4285P 

DS14285S 


bq4285S 

DS 14287 

- 

bq4287 

DS1643 

M48T08/T 1 8 

M48T58Y/59Y 

bq4822Y 

DS1644 

M48T35 

bq4830Y 1 

DS1646 

- 

bq4842Y 2 


Notes: 1 . Memory upgrade. 

2. Additional bq4842 features: microprocessor reset, watchdog monitor, clock alarm, and 
periodic interrupt. 



10-15 




Portable Power (PP) Selection Guides 


y 


Unitrode battery charge-management ICs provide full-function, safe charge control for all types of rechargeable 
chemistries. Functions include pre-charge qualification and conditioning, charge regulation, and termination. 


> Fast charging and conditioning of nickel cadmium, 
nickel metal hydride, lead acid, lithium ion, or 
rechargeable alkaline batteries 

> Flexible charge regulation support: 

— Linear 


> Fast, safe, and reliable chemistry-specific 
charge-termination methods, including rate of 
temperature rise (AT/At), negative delta voltage 
(-AV), peak voltage detect (PVD), minimum 
current, maximum temperature, maximum 
voltage, and maximum time 


— Switch-mode 

— Gating control (external regulator) 

> Easily integrated into systems or as a stand-alone 
charger 

> Direct LED outputs display battery and charge status 


> Optional top-off and maintenance charging 

> Discharge-before-charge option for NiCd 

> Complete set of development tools available for 
quick product-desig 


Battery Charge-Management Selection Guide 


Battery Key Fast-Charge Pins / Part Page 

Technology Features Termination Method Package Number Number 


Multi- 

Chemistry 

Complete change 
management with 
integrated switching 
controller 

PVD, minimum current, 
maximum temperature, 
maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2000+ 

P P/3-7 

AT/A, minimum current, 
maximum temperature, 
maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2000T+ 

PP/3-20 

NiMH, 

NiCd 

Gating control of an 
external regulator 

-AV, PVD, maximum 
temperature, maximum time 

8/0.300" DIP, 
8/0.150" SOIC 

bq2002/C/E/F/G 

P P/3-3 

AT/At, maximum temperature, 
maximum time 

8/0.300“ DIP, 
8/0.150" SOIC 

bq2002D/T 

PP/3-3 

PWM Controller 

-AV, AT/At, maximum tempera- 
ture, maximum time 

16/0.300" DIP, 
16/0.300" SOIC 

bq2003 

PP/3-73 

PWM controller, 
enhanced display 
mode 

-AV, PVD, AT/At, maximum 
temperature, maximum time 

16/0.300" DIP, 
16/0.150" SOIC 

bq2004/E/H 

P P/3-5 

Dual sequential 
charge-controller for 
2-bay chargers 

-AV, AT/At, maximum 
temperature, maximum time 

20/0.300" DIP, 
20/0.300" SOIC 

bq2005 

PP/3-1 19 

Lithium Ion 

PWM controller 

Minimum current, maximum 
time 

16/0.300" DIP, 
16/0.150" SOIC 

bq2054 

P P/3-6 

Low-dropout linear 
with AutoComp™ 
feature 

- 

8/0.150” SOIC 

bq2056/T/V 

PP/3-1 86 

PWM controller, 
enhanced display 
mode 

Minimum current, maximum 
time 

16/0.300" DIP, 
16/0.150“ SOIC 

bq2954+ 

P P/3-6 

PWM controller, 
differential current 
sense 

Minimum current, maximum 
time 

20/0.300" DIP, 
20/0.300" SOIC 

UCC3956 

PP/3-6 


+ New Product 
Continued on next page 
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Battery Charge-Management Selection Guide (Continued) 


Battery Fast-Charge Pins/ Part Page 

Technology Key Features Termination Method Package Number Number 


Lead Acid 

PWM controller, 3 charge 
algorithms 

Maximum voltage, -A 2 V, 
minimum current, 
maximum time 

16/0.300” DIP, 
16/0.150” SOIC 

bq2031 

P P/3- 154 

Linear controller 

Maximum voltage, 
minimum current 

16/0.300” DIP 
16/0.300”SOIC 

UC3906 

P P/3-237 

PWM controller, differential 
current sense 

Maximum voltage, 
minimum current 

20/0.300” DIP 
20/0.300”SOIC 

UC3909 

P P/3-244 

Rechargeable 

Alkaline 

2-cell charging 

Maximum voltage 

8/0. 300” DIP, 
8/0.150” SOIC 

bq2902 

P P/3- 194 

3- or 4-cell charging 

Maximum voltage 

14/0.300” DIP, 
14/0.150” SOIC 

bq2903 

P P/3-204 
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The bq2002 fast-charge control ICs are low-cost CMOS battery charge-control ICs providing reliable charge termina- 
tion for both NiCd and NiMH battery applications. Controlling a current-limited or constant-current supply allows the 
ICs to be the basis for a cost-effective stand-alone or system-integrated charger. The bq2002 family includes options 
that integrate fast charge, top-off, and pulse-trickle charge control in a single 1C for charging one or more NiCd or 
NiMH batteries. 

A new charge cycle is started by the application of a charging supply or by replacement of the battery. For safety, 
fast charge is inhibited if the battery voltage or temperature is outside of configured limits. Fast charge may be inhib- 
ited using the INH input. In some versions, this input may be used to synchronize voltage sampling. A low-power 
standby mode reduces system power consumption. 


> Fast-charge control of nickel cadmium or 
nickel-metal hydride batteries 

> Fast-charge terminations available: 

- -AV 

— Peak Voltage Detection (PVD) 

- AT/At 

> Direct LED output displays charge status 


> Backup safety termination on maximum voltage, 
maximum temperature, and maximum time 

>► Top-off and pulse-trickle charge rates available 

> Synchronized voltage sampling available 

> Low-power mode 

> 8-pin 300-mil DIP or 150-mil SOIC packaging 




bq2002 Family Selection Guide 







Part Number 






-AV or PVD Termination 


AT/At Termination 

Feature 

bq2002 

bq2002F 

bq2002C 

bq2002E 

bq2002G 

bq2002T 

bq2002D 

Fast charge time limit 

options 

(minutes) 

160/80/40 

160/100/40 

160/80/40 

200/80/40 

160/80/40 

320/80/40 

440/110/55 

Hold-off period 

options 

(seconds) 

600/300/10 

600/300/10 

300/150/75 

300/150/75 

300/150/75 

none 

none 

Top-off options 

C/32, C/1 6,0 

C/32, C/1 6,0 

none 

C/16,0 

C/16,0 

C/64, C/1 6,0 

none 

Top-off period 

4.6ms 

4.6ms 

n/a 

1.17s 

1.17s 

4.6ms 

n/a 

Pulse-trickle options 

C/64, C/32 

C/64, C/32 

C/32 

C/32 

C/32 

C/256, C/1 28 

none 

Pulse-trickle period 

9 or 18ms 

9 or 18ms 

1.17s 

1.17s 

1.17s 

18 or 73ms 

n/a 

Synchronized voltage 
sampling 

no 



no 

yes 

yes 

yes 

no 

no 

Minimum voltage 

pre-charge 

qualification 

no 

no 

yes 

yes 

yes 

no 

no 


Continued on next page 
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Feature 


Hysteresis on 

high-temperature 

cut-off 

LED in “charge 
pending” phase 

Page number 


bq2002 Family Selection Guide (Continued) 

Part Number 

-AV or PVD Termination AT/At Termination 

bq2002 bq2002F bq2002C bq2002E bq2002G bq2002T bq2002D 


n/a 

n/a 

flashes 

flashes 

flashes 

P P/3-35 

P P/3-35 

PP/3-43 

PP/3-61 

PP/3-61 


PP/3-61 I P P/3-51 I PP/3-51 
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The bq2004 fast-charge control ICs are low-cost CMOS battery charge control ICs providing reliable charge termina- 
tion for both NiCd and NiMH battery applications. Integration of PWM current control circuitry allows the ICs to be the 
basis for a cost-effective stand-alone or system-integrated charger. The bq2004 family includes options that integrate 
fast charge, top-off, and pulse-trickle charge control in a single 1C for charging one or more NiCd or NiMH batteries. 

A new charge cycle is started by the application of a charging supply, replacement of the battery, or a logic-level 
pulse. For safety, fast charge is inhibited if the battery voltage or temperature is outside of configured limits. Fast 
charge may be inhibited using the INH input, which also puts the 1C into a low-power standby mode, reducing system 
power consumption. 


> Fast-charge control of nickel cadmium or 
nickel-metal hydride batteries 

> Integrated PWM closed-loop current control 

> Configurable, direct LED output displays charge 
status 

> Low-power mode 

> Top-off and pulse-trickle charging available 


> Fast-charge terminations available: 

- -AV 

— Peak Voltage Detection (PVD) 

- AT/At 

>* Backup safety termination on maximum voltage, 
maximum temperature, and maximum time 

> 16-pin 300-mil DIP or 150-mil SOIC packaging 


bq2004 Family Selection Guide 

Part Number 

Feature bq2004 bq2004E 

bq2004H 

Maximum time-out selections (minutes) 

360/180/90/45/23 

325/154/77/39/19 

650/325/154/77/39 

Hold-off period selections (seconds) 

137/820/410/200/100 

137/546/273/137/68 

273/546/546/273/137 

Charge rate during hold-off period 

full fast-charge rate 

1/8*fast-charge rate 

1/8*fast-charge rate 

Top-off options 

C/2, C/4, C/8, C/1 6,0 

C/2, C/4, C/8, C/1 6,0 

C/4, C/8, C/1 6, C/32,0 

Top-off pulse width/period (seconds) 

260/2080 

260/2080 

260/2080 

Top-off duration 

MTO 

0.235*MTO 

0.235*MTO 

Pulse-trickle selections 

C/32, C/64,0 

C/512,0 

C/512,0 

Pulse-trickle period (ms) 

4.17/8.3/16.7/33.3/66.7 

66.7/133/267/532 

33.3/66.7/133/267 

Pulse-trickle pulse width (seconds) 

260 

260 

260 

DSEL floating disables pulse-trickle 

no 

yes 

yes 

VSEL high disables low-temperature 
fault threshold 

yes 

no 

no 

High-temperature fault threshold 

1/4LTF + 3/4 TCO 

1/3LTF + 2/3 TCO 

1/3LTF + 2/3 TCO 

Page number 

P P/3-91 

P P/3- 105 

PP/3-105 


10-20 





Portable Power (PP) Selection Guides 


yn 


Feature 

Li-Ion PWM Charge 1C Selection Guide 

Part Number 

bq2054 bq2954 

UCC3956 

Charge 

algorithm 

During pre-qualification, the 
bq2054 charges using a low 
trickle current if the battery 
voltage is low. Then it charges 
using constant current followed 
by constant volatge. After 
fast-charge termination, charge 
is re-initiated by resetting the 
power to the 1C or by inserting 
a new battery. 

Performs similar to the bq2054, 
but the bq2954 also re-initiates a 
recharge if the battery voltage 
falls below a threshold level. This 
allows the bq2954 to maintain a 
full charge in the battery at all 
times. 

Uses a 4-step charge 
algorithm: low-current trickle 
charge (when the cell voltage 
is below a user- program- 
mable level); high- current 
bulk charge; con- 
stant-voltage overcharge; 
optional top-off with 
user-programmable timer 

Current-sensing 

technique 

Low-side current sensing 

Low-side and high-side current 
sensing 

Fully differential high-side 
current sensing can be used 
up to 20 V common mode 
without the need for external 
level shiftina. 

Charge initiation 

Application of power or detection 
of battery insertion 

Application of power or detection 
of battery insertion 

One-shot charge initiates 
charging, or a simple 
comparator initiates charging 
on batterv insertion. 

Detection of 
deeply dis- 
charged (bad) 
cells 

Minimum cell voltage required 
for fast charge: 2V/cell 
Trickle-charge period: 1 * MTO 

Minimum cell voltage required 
for fast charge: 3V/cell 
Trickle-charge period: 0.25 * 

MTO (for faster detection of bad 
cells) 

User-programmable threshold 
limits charge current when 
battery cells are deeply 
discharged and provides 
short-circuit protection. 

Charge termina- 
tion based on 
minimum current 

User-programmable minimum 
current is a ratio of the charging 
current: 1/10, 1/20, 1/30. A 
safety charge timer is also avail- 
able. 

User-programmable minimum 
current is a ratio of the charging 
current: 1/10, 1/15, 1/20. A 
safety charge timer is also avail- 
able. 

User-programmable minimum 
current or 

user-programmable 
overcharge timer 

Temperature 

monitoring 

Measured using an external 
thermistor. Fast charge is inhib- 
ited if the battery temperature is 
outside user-confiaured limits. 

Measured using an external 
thermistor. Fast charge is inhib- 
ited if the battery temperature is 
outside user-confiaured limits. 

No 

Status display 

3 LEDs for state of charge 

2 LEDs or one bi-color LED 
optimize state of charae 

2 LEDs for state of charge 
includina end of charae 

Full-charge 

indication 

LEDs indicate full charge after 
charae termination 

LEDs indicate full charge just 
before charae termination 

LEDs indicate full charge on 
charae termination 

Input voltage 
ranae 

4.5V to 5.5V 

4.5V to 5.5V 

6.5V to 20 V 

Typical supply 
current 

2mA 

2mA 

5mA 

Voltage regula- 
tion accuracy 

±1% at 25°C 

±1 % at 25°C 

±1 % at 25°C 

Wakeup feature 
for battery pack 
protectors 

No 

Yes 

t 

No 

Integrated PWM 
controller 

Yes 

i 

Yes 

Yes 

Pins/packaae 

16-pin narrow PDIP or SOIC 

16-pin narrow PDIP or SOIC 

20-Din SOIC or DIP 

Paae number 

PP/3-170 

PP/3-217 

P P/3-253 
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Unicode's Gas Gauge ICs measure the available charge, calculate self-discharge, and communicate the available 
charge of a battery pack over a serial port or by directly driving an LED display. 


> Accurate measurement of available charge for nickel 
cadmium, nickel metal-hydride, lithium ion, lead-acid 
batteries, and primary lithium 

> Designed for battery-pack integration 

> 1 50pA or less typical operating current 


> Serial port or direct LED display for remaining 
battery capacity indication 

> Available capacity is compensated for 
charge/discharge rate and temperature 

>- Accurately measures across a wide range of 
currents 


Battery Capacity-Monitoring ICs Selection Guide 

Approximate 

Pack Additional 

Battery Capacity Communication Key Pins / Part Page 

Technology (mAh) Interface Features Package Number Number 


NiCd/NiMH 

800-5000 

1-wire DQ 

5 or 6 LED outputs 

16/SOIC 

bq2010 

P P/4-3 

Slow-charge control 

16/SOIC 

bq2012 

P P/4-81 

External charge-control support 

16/SOIC 

bq2014 

PPM- 123 

1-wire HDQ 

Register-compatible with bq2050H 

16/SOIC 

bq2014H+ 

PPM- 149 

NiCd 

800-2000 

1-wire DQ 

See bq201 1 Family Selection 
Guide 

16/SOIC 

bq201 1 
bq201 1 J 
bq201 IK 

P P/4-24, 

P P/4-45, 

P P/4-63 

NiCd/NiMH/ 
Lead Acid 

2000- 

10,000 

1-wire HDQ 

Programmable offset and load 
compensation 

16/SOIC 

bq2013H 

PPM- 103 

Li-Ion 

800-5000 

1-wire DQ 

Remaining power (Wh) indication 

16/SOIC 

bq2050 

PP/4-215 

1-wire HDQ 

Register-compatible with bq2014H 

16/SOIC 

bq2050H 

P P/4-237 

Primary 

Lithium 

800- 

15,000 

1-wire HDQ 

Programmable discharge 
efficiency compensation 

16/SOIC 

bq2052+ 

P P/4-259 

NiCd/NiMH 
Lead Acid/ 
Li-Ion 

800- 

10,000 

2-wire 

SMBus 

SBS rev. 1 .0-compliant 

16/SOIC 

bq2040 

PP/4-185 

SBS rev. 0.95-compliant 

16/SOIC 

bq2092 

PP/4-314 

SBS rev. 1 .0-compliant with 5 
LEDs 

16/SOIC 

bq2945 

PP/4-340 

2-wire 
SMBus or 
1-wire 
HDQ16 

SBS rev. 1.1 -compliant 

i 

28 / SSOP 

bq2060+ 

PP/4-276 

Any 

Any 

1-wire HDQ 

Analog peripheral for jliC 

8 / SOIC or 
TSSOP 

bq2018 

PPM- 170 


+ New Product 
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The bq201 1 Gas Gauge ICs provide accurate capacity monitoring of rechargeable batteries in high discharge rate 
environments. The ICs can monitor a wide range of charge/discharge currents using the onboard V-to-F converter 
and a low-value sense resistor. The ICs track remaining capacity (NAC) and compensate it for battery self-discharge, 
charge/discharge rate, and temperature. Five LEDs can communicate remaining capacity in 20% increments. A serial 
port allows a host microcontroller to access the nonvolatile memory registers containing battery capacity, voltage, 
temperature, and other critical parameters. 


> 

Accurate measurement of available charge in 
rechargeable batteries 

> 

Automatic charge self-discharge and discharge 
compensation 

> 

Designed for NiCd high discharge rate applications 

> 

Low operating current 

> 

Drives 5 LEDs for capacity indication 

> 

16-pin narrow SOIC 



bq2011 Family Selection Guide 




Part Number 


Feature 

bq2011 

bq2011 J 

bq2011K 

Display 

Relative or absolute 

Absolute 

Absolute 

Programmed Full Count 
(PFC) range 

4.5-1 0.5mVh 

2.21-3.81 mVh 

2.21-3.81 mVh 

Nominal Available Capacity 
(NAC) on reset 

NAC = 0 

NAC = PFC or 0 

NAC = PFC or 0 

Self-discharge rate 

NAC/80 

NAC/80 or disabled 

NAC/80 or disabled 

Charge compensation 

75-95% based on rate 
and temperature 

65-95% based on rate and 
temperature 

70-95% based on rate and 
temperature 

Discharge compensation 

75-100% plus tempera- 
ture compensation 

75-100% plus tempera- 
ture compensation 

100% 

End-of-discharge voltage 

0.9V/cell 

0.9V/cell 

0.96-1. 16V/cell 

Page number 

PP/4-24 

PP/4-45 

P P/4-63 
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Unicode’s battery management module products provide true turn-key solutions for capacity monitoring and charge 
control of NiCd, NiMH, Li-Ion, or Rechargeable Alkaline battery packs. Designed for battery pack integration, the 
small boards contain all necessary components to easily implement intelligent or smart battery packs in a portable 
system. The wide selection of boards offers battery monitoring, capacity tracking, charge control, and remaining ca- 
pacity communication to the host system or user. The boards are fully tested and provide direct cell connections for 
simple battery packs. 

> Turnkey solutions for intelligent or smart batteries for 
portable equipment 

— Computers, cellular phones, and camcorders 
— Handheld terminals 
— Communication radios 
— Medical and test equipment 
— Power tools 


Battery-Management Modules Selection Guide 


Battery Part Page 

Technology Key Features Number Number 


NiCd/NiMH 

Capacity monitoring, LED indication, serial communications port 

bq2110 

PP/5-2 

Capacity monitoring, slow-charge control, LED indication, serial com- 
munications port 

bq21 12 

PP/5-14 

Capacity monitoring, charge control output, LED indication, serial com- 
munications port 

bq21 14 

P P/5-24 

Capacity monitoring and fast charge control 

bq2164 

PP/5-71 

NiCd 

Capacity monitoring for high discharge rates, LED indication 

bq2111L 

PP/5-8 

NiCd/NiMH, 
Lead Acid 

Capacity monitoring, LED indication, single-wire serial communica- 
tions port 

bq2113H+ 

P P/5-20 

Li-Ion 

Capacity monitoring, Smart Battery data set and interface, LED indica- 
tion, pack supervision, 4-segment LED indication 

bq2148 

PP/5-40 

Capacity monitoring, LED indication, serial communications port 

bq2150 

bq2150/H 

P P/5-47 

P P/5-53 

Pack supervision: overvoltage, undervoltage, and overcurrent control 

bq2158 

bq2158T 

PP/5-57 

PP/5-64 

Capacity monitoring, 3- or 4-cell pack supervision, and LED 
indication 

bq2167+ 

bq2168+ 

P P/5-77 
PP/5-85 

NiCd/NiMH/ 
Lead Acid/ 
Li-Ion 

Capacity monitoring, Smart Battery data set and interface, 

5-segment LED indication 

bq2145 

P P/5-34 

Capacity monitoring, Smart Battery data set and interface, 4-segment 
LED indication 

bq219XL 

P P/5-93 

Any 

Charge and discharge counting, serial communication port, single-wire 
interface 

bq2118 

P P/5-30 


> Capacity monitoring and charge control 

> Pushbutton-activated LED capacity indication 

> Designed for battery pack integration 

— Small size 

— Low power 

— Direct cell connections 


+ New Product 
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Unitrode Lithium Ion Pack-Protection ICs provide reversible overvoltage, undervoltage, and overcurrent protection for 
lithium ion battery packs. 

> Protects one to four Lithium Ion series cells from > Designed for battery-pack integration 

overvoltage, undervoltage, and overcurrent ^ , ... 

— Small outline package, minimal external 

> User-selectable thresholds mask-programmable by components and space, and low cost 

Unitrode 


Pack-Protection and Supervisory ICs Selection Guide 


Battery Number of Cells Key Pins / Part Page 

Technology Protected Protection Types Features Package Number Number 


Lithium Ion 

3 or 4 

Overvoltage, 
overcurrent, and 
undervoltage 

Very low power 

16/0.150" 

SOIC 

bq2058 

P P/6-2 

2 

bq2058T 

PP/6-14 

Overcharge, 

overdischarge, 

overcurrent 

Internal 

MOSFET 
(80mL2 total) 

UCC3911 

PP/6-26 

1 

Internal 

MOSFET 
(50mQ total) 

16/0.150" 

TSSOP 

UCC3952+ 

PP/6-32 

. 

3 or 4 

' 

Overvoltage, 

undervoltage, 

overcurrent 

Smart-discharge 

circuitry 

16/0.150" 

SSOP 

UCC3957 

PP/6-37 

1 

Overcharge, 

overdischarge, 

overcurrent 

Internal 

MOSFETS 
(50mQ total) 

16/0.150" 

SOIC 

UCC3958 

PP/6-44 


+ New Product 
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Power-Management ICs Selection Guide 




Part Number 


Features 

UCC3581 

UCC3809 

-1/2 

UCC3800/ 

1/2/3/4/5 

UCC3813- 

0/1/2/3/4/5 

Topology 

Forward, flyback 

Forward, flyback, 
buck, boost 

Forward, flyback, buck, 
boost 

Forward, flyback, buck, 
boost 

Input voltaqe 

Off-line AC 

Off-line AC 

Off-line AC, battery 

Off-line AC, battery 

Output voltaqe 

NA 

NA 

NA 

NA 

Operating mode 

Fixed/variable 

frequency 

Fixed frequency 
(1MHz maximum) 

Fixed frequency 
(1MHz maximum) 

Fixed frequency 
(1MHz maximum) 

Output 

1 A FET drives 

0.8A FET drives 

1A FET drives 

1A FET drives 

Output power 

N/A 

N/A 

N/A 

N/A 

Supply current 

300mA 

500mA 

500mA 

500mA 

Power limit 

Yes 

No 

Yes 

Yes 

Application/design 

note 

DN-48, DN-65 

DN-65, DN-89, 
U-165, U-168 

DN-42A, DN-43, 
DN-46, DN-48, DN-54, 
DN-56A, DN-65, 
DN-89, U-133A, U-97 

DN-42A, DN-43, 
DN-46, DN-48, DN-54, 
DN-56A, DN-65, 
DN-89, U-133A, U-97 

Pin count ❖ 

14 

8 

8 

8 

Paqe number 

PS/8-128 

PS/8-192 

PS/8-169 

PS/8-206 


❖The smallest available pin count for thru-hole and surface-mount packages. 
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Part Number 



Features 

UCC39401 

UCC3941 

-3/-5/-ADJ 

UCC39411 

1213 + 

UCC39421/2+ 

UCC3946 

UCC3954 

Topology 

Boost / battery 
charger 

Boost 

Boost 

Boost/SEPIC/ 

flyback 

Watchdog/ 

reset 

Flyback 

Input voltage 

0.8V to (Vquj + 
0.5V) 

0.8V to (Vout 
0.5V) 

1.1V to (V 0UT + 
0.5V) 

1.8V-8V 

2.1V-5.5V 

2.5V-4.2V 

Output voltage 

ADJ to 5.0V 

3.3V, 5V, ADJ 

3.3V, 5V, ADJ 

ADJ 

Vim— 0.3V 

3.3V 

Operating 

mode 

Variable 

frequency 

Variable 

frequency 

Variable 

Fixed/variable 

frequency 

Watchdog/ 

reset 

Fixed 

frequency 

(200kHz) 

Output 

Internal power 
FETs 

Internal power 
FETs 

Internal power 
FETs 

FET Drives 

NA 

Internal power 
FETs 

Output power 

200mW 

500mW (1 cell) 
1W (2 cells) 

200mW 

NA 

NA 

2W 

Supply current 

55mA 

80mA 

48mA 

635mA 

10mA 

1mA 

Power limit 

Yes 

Yes 

Yes 

Yes 

NA 

Yes 

Application/ 
design note 

" 

DN-73 

DN-97 

■ 

- 

DN-86 

Pin count ❖ 

20 

8 

8 

16/20 

8 

8 

Page number 

P P/7-34 

P P/7-48 

P P/7-58 

P P/7-66 

P P/7-88 

P P/7-93 


+ New Product 

❖The smallest available pin count for thru-hole and surface-mount packages. 
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Linear Controller ICs Selection Guide 






Part Number 



Features 

UC3832 

UC3833 

UC3834 

UC3835 

UC3836 

UCC3837 

Type of output 

Positive 

adjustable 

Positive 

adjustable 

Positive/ 

negative 

adjustable 

5V fixed 

Positive 

adjustable 

Positive 

adjustable 

Maximum input 
voltaqe 

36V 

36V 

40V 

40V 

40V 

12V 

Minimum output 
voltaqe 

2.0 V 

2.0V 

+1.5V/-2.0V 


2.5 V 

1.5V 

Output drive 

300mA 

300mA 

350mA 

500mA 

500mA 

1.5mA 

Type of short 
circuit limit 

Duty cycle 

Duty cycle 

Foldback 

Foldback 

Foldback 

Duty cycle 

Reference 
voltaqe accuracy 

2% 

2% 

3% / 4% 

2% 

2% 

2% 

Special features 

Multiple pins 
accessible 

- 

- 

Built-in Rsense 

Built-in 

Rsense 

Internal 
charge pump; 
Direct N-FET 
drive 

Application/ 
design note 

DN-32, 
DN-61, U-152 

DN-32, 
DN-61, U-152 

U-95 



- 

Pin count ❖ 

14, 16 

8, 16 

i 

16 

8, 16 

8, 16 

8 

Page number 

PS/3-11 

PS/3-1 1 

PS/3-18 

PS/3-24 

PS/3-24 

PS/3-28 


❖The smallest available pin count for thru-hole and surface-mount packages. 


Low-Dropout Linear Regulator ICs Selection Guide 

Part Number 

Features UCC381 UC382-1 UC382-2 UC382-3 

UC382-ADJ 

■ 

Output voltage 

3.3V, 5V, ADJ 

1.5V 

2.1V 

2.5V 

1.2V/ 

adjustable 

Dropout voltaqe 

0.5V at 1 A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

Output voltaqe accuracy 

2.5% 

1% 

i% 

1% 

1% 

Maximum input voltaqe 

9V 

7.5V 

7.5V 

7.5 V 

7.5V 

Shutdown current 

10uA 

_ 

- 

_ 

_ 

Operating current 

400mA 

_ 

- 

. 

- 

Line regulation 

0.01% /V 

_ 

- 

_ 

_ 

Load regulation 

0.1%, Iqut = 6 
to 1 A 

- 

- 


- 

Special features 

Power limit 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Pin count ❖ 

8 

5 

5 

5 

5 

Page number 

P P/7-5 

PS/3-5 

PS/3-5 

PS/3-5 

PS/3-5 


❖The smallest available pin count for thru-hole and surface-mount packages. 
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Low-Dropout Linear Regulator ICs Selection Guide (Continued) 

Part Number 

Features UCC383 UCC384 UC385-1 UC385-2 

■ 

UC385-3 

Output voltage 

3.3V, 5V, ADJ 

5V, 12V, ADJ 

1.5V 

2.1V 

2.5V 

Dropout voltage 

0.45V at 3A 

0.2V at 
500mA 

450m V at 5A 

450mV at 5A 

450mV at 5A 

Output voltage accuracy 

2.5% 

2.5% 

1% 

1% 

1% 

Maximum input voltage 

9V 

-16V 

7.5V 

7.5V 

7.5V 

Shutdown current 

40|iiA 

17UA 

- 



Operating current 

400|iA 

240|iA 

- 



Line regulation 

0.01% /V 

0.01% /V 

- 



Load regulation 

0.1%, I 0 UT = 0 
to 1 A 

0.1%, I OU t=0 
to 500mA 

- 



Special features 

Power limit 

Power limit 

Fast transient 
response 

Fast transient 
response 

Fast transient 
response 

Pin count ❖ 

3 

8 

5 

5 

5 

Page number 

P P/7- 12 

PP/7-19 

PS/3-35 

PS/3-35 

PS/3-35 


❖The smallest available pin count for thru-hole and surface-mount packages. 


Low-Dropout Linear Regulator ICs Selection Guide (Continued) 

Part Number 

Features UC385-ADJ UC386+ UC387+ UC388+ 

Output voltage 

1 .2V/adjustable 

3.3V 

5V 

Adjustable down to 
1.25V 

Dropout voltage 

450mV at 5A 

0.2 V at 200mA 

0.2V at 200mA 

0.2V at 200mA 

Output voltage accuracy 

1% 

1 .5% 

1 .5% 

1.5% 

Maximum input voltage 

7.5V 

9V 

9V 

9V 

Shutdown current 

- 

2|uA 

2|llA 

2|xA 

Operating current 

- 

10uA 

10uA 

IOjliA 

Line regulation 

- 

25mV max 

25mV max 

25mV max 

Load regulation 

_ 

— 

lOmV max 

1 0mV max 

lOmV max 

Special features 

Fast transient 
response 

TSSOP 

TSSOP 

TSSOP 

Pin count ❖ 

5 

8 

8 

8 

Page number 

PS/3-35 

P P/7-29 

P P/7-29 

PP/7-29 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 
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Special Function Linear Regulation ICs Selection Guide 

Part number 

Features UC560 UCC561+ UC563+ 

Type of output 

Positive 

Positive 

Positive 

Application 

Source/sink regulator for 
the 18- and 27-line SCSI 
termination 

LVD SCSI regulator for the 
18- and 27-line termination 

32-line VME bus bias 
generator 

Input voltage 

4V-6V 

2.7V- 5.25V 

4.875V-5.25V 

Output voltage 

2.85V 

1.3V, 1.75V, 0.75V 

2.94V 

Dropout voltage 

0.9V at 750mA 

- 

- 

Bus standard 

SCSI-1,2,3 

SPI-2, 3 

VME / VME64 

Sink/source current 

300mA /-750mA 

200mA / -200mA 

475mA /-575mA 

Application/design note 

- 

- 

- 

Pin count ❖ 

5, 8 

16 

3,8 

Page number 

IF/4-3 

IF/4-7 

IF/4-10 


❖The smallest available pin count for thru-hole and surface-mount packages. 
+ New product. 
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Back-Light Controller ICs Selection Guide 

Part Number 

Features UC3871 UC3872 

UCC3972+ 

Application 

Fluorescent lamp driver 
with LCD Bias 

Fluorescent lamp driver 

Fluorescent lamp driver 

Voltage range 

4.5V-20V 

4.5V-24V 

4.5V-25V 

Reference tolerance 

1.2% 

1.2 

NA 

Open lamp detect 

Yes 

Yes 

Yes 

PWM synchronization 

Yes 

Yes 

Yes 

PWM frequency 

Programmable 

Programmable 

80kH-160kH 

Analog dimming 

Yes 

Yes 

Yes 

Low-frequency dimming 

Yes 

Yes 

Yes 

Operating current 

8mA 

6mA 

1mA 

Package 

18-pin SOIC 

16-pin SSOP 

8-pin TSSOP 

Application/design note 

U-141, U-148 

DN-75, U-141, U-148 

- 

Page number 

PP/8-2 

P P/8-8 

PP/8-13 


+ New Product 
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IrDA Selection Guide 





Supply 


Dynamic 

Quiescent 

Encoder/ 

IrDA 


Part 

Page 

Device Type 

Voltage 

Data Rate 

Range 

Current 

Decoder Compliant 

LED Driver 

Number 

Number 

Receiver 

3.3V 

or5V 

2.4kbps 

115.2kbps 

150nA 

100mA 

250pA 

N 

Y 

N/A 

UCC5341 

P P/9-2 

Transceiver 

3.3V 
or 5V 

2.4kbps 

115.2kbps 

150nA 

100mA 

250pA 

N 

Y 

500mA 

UCC5342 

P P/9-6 

Transceiver 

3.3V 
or 5V 

2.4kbps 

115.2kbps 

150nA 

100mA 

280juA 

Y 

Y 

500mA 

UCC5343 

PP/9-10 
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PWM Control 

Current Mode Controllers 

Dedicated DC/DC Controllers 
Microprocessor Power Controllers 
Microprocessor Power Support. . . 

Post Regulation Controllers 

Secondary Side PWM Control . . . 

Soft Switching Controllers 

Voltage Mode Controllers 


10-32 

10-44 

10-47 

10-49 

10-50 

10-51 

10-52 

10-56 


PWM Control 


Current Mode Controllers 

UCC3800 

UNITRODE PART NUMBER 

UCC3801 UCC3802 UCC3803 

UCC3804 

Application 

DC-DC and 
Battery 

DC-DC and 
Battery 

Off-line 

DC-DC and 
Battery 

Off-line 

Topology 

Buck, Boost 

Buck, Boost 

Forward, Flyback 

Buck, Boost 

Forward, Flyback 

Voltage Reference Tolerance 

1.5% 

1.5% 

1.5% 

1.5% 

1.5% 

Peak Output Current 

1A 

1A 

1A 

1A 

1A 

Under Voltage Lockout 

7.2V /6.9V 

9.4V /7.4V 

12.5V /8.3V 

4.1V /3.6V 

12.5 V /8.3 V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 

1 OOjllA 

lOOjaA 

100|jA 

IOOjliA 

lOOpA 

Leading Edge Blanking 

Y 

Y 

Y 

Y 

Y 

Soft Start 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

100% 

50% 

100% 

100% 

50% 

Separate Oscillator/ 

Synchronization Terminal 






Application / Design Note 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

DN-42A, DN-43, 
DN-46, DN-48, 
DN-54, DN-56A, 
DN-65, DN-89, 
U-97, U-133A 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

Pin Count ❖ 

8 

8 

8 

8 

8 

Page Number 

PS/3-173 

PS/3-173 

PS/3-173 

PS/3-173 

PS/3-173 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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Current Mode Controllers 

UCC3805 

UNITRODE PART NUMBER 

UCC3806 UCC3807-1 UCC3807-2 

UCC3807-3 

Application 

DC-DC and 
Battery 

Isolated Output, 
Push-pull 
Controller 

DC-DC 

Off-line 

DC-DC and 
Battery 

Topology 

Forward, Flyback 

Push-pull, Full 
Bridge, Half 
Bridge 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Voltage Reference Tolerance 

1.5% 

1% 

1.5% 

1.5% 

1.5% 

Peak Output Current 

1A 

0.5A 

1A 

1A 

1A 

Under Voltage Lockout 

4.1V /3.6V 

7.5V /6.75V 

7.2V /6.9V 

12.5V /8.3V 

4.3V /4.1V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 

lOOjLiA 

IOOjuA 

lOOpA 

lOOpA 

lOOpA 

Leading Edge Blanking 

Y 


Y 

Y 

Y 

Soft Start 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

50% 

50%/ 50% 

Programmable 

Programmable 

Programmable 

Separate Oscillator/ 

Synchronization Terminal 


Y 




Application / Design Note 

DN-42A, DN-43, 
DN-46, DN-48, 
DN-54, DN-56A, 
DN-65, DN-89, 
U-97, U-133A 

DN-45, DN-51, 
DN-65, U-97, 
U-110, U-144 

DN-48, DN-65, 
U-97, U-133A 

DN-48, DN-65, 
U-97, U-133A 

DN-48, DN-65, 
U-97, U-133A 

Pin Count ♦> 

8 

16 

8 

8 

8 

Page Number 

PS/3-173 

PS/3-180 

PS/3-187 

PS/3-187 

PS/3-187 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 


UNITRODE PART NUMBER 


UCC3808-1 

UCC3808-2 

UCC3809-1 

UCC3809-2 

UCC3810 

Off-line 

DC-DC and 
Battery 

DC-DC 

Off-line 

Dual PWM 
Controller, 
Off-line, DC-DC 

Push-pull, Full 
Bridge, Half 
Bridge 

Push-pull, Full 
Bridge, Half 
Bridge 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

2% 

2% 

5% 

5% 

1.5% 

0.5A Source, 1A 
Sink 

0.5A Source, 1A 
Sink 

0.4A Source, 
0.8A Sink 

0.4A Source, 
0.8A Sink 

1A 

12.5V /8.3V 

4.3V/4.1V 

10V /8V 

15V/8V 

11.3V /8.3V 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Dual, Totem Pole 

130fiA 

130pA 

100pA 

100pA 

150pA 





Y 

Y 

Y 

Y 

Y 


50%/ 50% 

50%/ 50% 

90% 

90% 

50% 


1 

i 

N/A 

N/A 

Y 

DN-65, U-97, 
U-110, U-170 

DN-65, U-97, 
U-110, U-170 

DN-65, DN-89, 
U-165, U-168 

DN-65, DN-89, 
U-165, U-168 

DN-65, U-97, 
U-110, U-133A 

8 

8 

8 

8 

16 

PS/3-192 

PS/3-192 

PS/3-198 

PS/3-198 

PS/3-205 


Application Off-line Batted 

Push-pull, Full Push-pull, Full F 
Topology Bridge, Half Bridge, Half 

Bridge Bridge 

Voltage Reference Tolerance 2% 2% 

D*ai, Pnrrcnt 0.5A Source > 1A 0.5A Source, 1A 

Peak Output Current sink sink 

Under Voltage Lockout 12.5V/8.3V 4.3V/4.1V 

Maximum Practical Operating 1 M Hz 1 M Hz 

Frequency 

n . . Dual Alternating, Dual Alternating, 

uuipuis Totem Pole Totem Pole 

Startup Current 130|itA 130pA 

Leading Edge Blanking 

Soft Start Y Y 

Maximum Duty Cycle 50% / 50% 50% / 50% 

Separate Oscillator/ 

Synchronization Terminal 

Anniir* 9 tinn I riocinn Nnta DN-65, U-97, DN-65, U-97, l 

Application / Design Note (j-110, U-170 U-110, U-170 

Pin Count ❖ 8 8 

Page Number | PS/3-192 PS/3-192 

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 
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PWM Control (cont.) 


Current Mode Controllers 

UCC3813-0 

UNITRODE PART NUMBER 

UCC381 3-1 UCC3813-2 UCC3813-3 

UCC3813-4 

Application 

DC-DC and 
Battery 

DC-DC and 
Battery 

Off-line 

DC-DC and 
Battery 

Off-line 

Topology 

Buck, Boost 

Buck, Boost 

Forward, Flyback 

Buck, Boost 

Forward, Flyback 

Voltage Reference Tolerance 

1.5% 

1.5% 

1.5% 

1.5% 

1.5% 

Peak Output Current 

1A 

1A 

1A 

1A 

1A 

Under Voltage Lockout 

7.2V /6.9V 

9.4V /7.4V 

12.5V /8.3V 

4.1V /3.6V 

12.5V /8.3V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 

lOOfiA 

lOOfiA 

1 00(xA 

IOOjjA 

IOOjiA 

Leading Edge Blanking 

Y 

Y 

Y 

Y 

Y 

Soft Start 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

100% 

50% 

100% 

100% 

50% 

Separate Oscillator/ 

Synchronization Terminal 


i 




Application / Design Note 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

! 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

DN-42A, DN-43, 
DN-46, DN-48, 
DN-54, DN-56A, 
DN-65, DN-89, 
U-97, U-133A 

DN-42A, DN-48, 
DN-54, DN-65, 
DN-89, U-97, 
U-133A 

Pin Count ❖ 

8 

8 

8 

8 

8 

Page Number 

PS/3-212 

PS/3-212 

PS/3-212 

PS/3-212 

PS/3-212 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UCC3813-5 

UNITRODE PART NUMBER 

UC3823 UC3823A UC3823B 

UC3824 

Application 

■ 

DC-DC and 
Battery 

DC-DC 

DC-DC 

Off-line 

Synchronous 
Rectifier, Forward 
Converter 

Topology 

Forward, Flyback 

Buck, Boost 

Buck, Boost 

Buck, Boost 

Forward, Flyback 

Voltage Reference Tolerance 

1.5% 

1% 

1% 

1% 

1% 

Peak Output Current 

1A 

1.5A 

2A 

2A 

1.5A 

Under Voltage Lockout 

4.1V / 3.6V 

9.2V /8.4V 

9.2V /8.4V 

16V /10V 

9.2V /8.4V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 

— 

Single, Totem 
Pole 

Single, Totem 
Pole 

Dual 

Complementary, 
Totem Pole 

Startup Current 

IOOjoA 

1.1mA 

0.1mA 

0.1mA 

1.1mA 

Leading Edge Blanking 

Y 


Y 

Y 


Soft Start 

' 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

50% 

100% 

Programmable, 

<100% 

Programmable, 

<100% 

100% 

Separate Oscillator/ 

Synchronization Terminal 


Y 

Y 

Y 

Y 

Application / Design Note 

DN-42A, DN-43, 
DN-46, DN-48, 
DN-54, DN-56A, 
DN-65, DN-89, 
U-97, U-133A 

1 

U-97, U-111, 
U-131 

U-97, U-110, 
U-111, U-1 28, 
U-131 

U-97, U-110, 
U-111, U-1 28, 
U-131 

U-111 

Pin Count ♦> 

8 

16 

16 

16 

16 

Page Number 

PS/3-212 

PS/3-219 

PS/3-225 

PS/3-225 

PS/3-233 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

0 

UC3825 

UNITRODE PART NUMBER 

UC3825A UC3825B UC38260 

UC3827-1 

Application 

DC-DC 

DC-DC 

Off-line 

Secondary Side, 
Average Current 
Mode 

Multiple Output or 
High Voltage 
Output DC-DC 
Converters 

Topology 

Push-pull, Full 
Bridge, Half 
Bridge 

Push-pull, Full 
Bridge, Half 
Bridge 

Push-pull, Full 
Bridge, Half 
Bridge 

Forward, Flyback, 
Buck, Boost 

Buck Current 
Fed Push-pull 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

4% 

Peak Output Current 

1.5A 

2A 

2A 

0.25A 

Floating 1 A for 
Buck Stage, 0.8A 
for Push-pull 
Drivers 

Under Voltage Lockout 

9.2V /8.4V 

9.2V /8.4V 

16V/ 10V 

8.4V /8.0V 

9V/8.4V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

500kHz 

Outputs 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Floating Buck, 
Push-pull 

Startup Current 

1.1mA 

0.1mA 

0.1mA 


1mA 

Leading Edge Blanking 


Y 

Y 

N/A 


Soft Start 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

50%/ 50% 

Programmable 

Programmable, 

<50% 

Programmable, 

<50% 

90% for Buck 
Stage, 50%/ 50% 
for Push-pull 
Stage 

Separate Oscillator / 

Synchronization Terminal 

Y 

Y 

Y 

Y 

Y 

Application / Design Note 

U-97, U-110, 
U-111 

U-97, U-110, 
U-111, U-128, 
U-131 

U-97, U-110, 
U-111, U-128, 
U-131 

U-135, U-140 


Pin Count ♦> 

16 

16 

16 

24 

24 

Page Number 

PS/3-240 

PS/3-225 

PS/3-225 

PS/3-247 

PS/3-257 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

O Pulse- by-Pulse Current Limiting Not Applicable. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UC3827-2 

UNITRODE PART NUMBER 

UCC3830-4 UCC3830-5 UCC3830-6 

UCC38390 

Application 

Multiple Output or 
High Voltage 
Output DC-DC 
Converters 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 

Secondary Side, 
Average Current 
Mode Control 

Topology 

Buck Voltage Fed 
Push-pull 

Buck 

Buck 

Buck 

Any Topology 

Voltage Reference Tolerance 

4% 

1%* 

1%* 

1%* 

1% 

Peak Output Current 

Floating 1 A for 
Buck Stage, 0.8A 
for Push-pull 
Drivers 

1.5A 

1.5A 

1.5A 

10mA to Drive 
Opto-coupler 

Under Voltage Lockout 

9V/8.4V 

10.5V /10V 

10.5V /10V 

10.5V/ 10V 


Maximum Practical Operating 
Frequency 

500kHz 

100kHz 

200kHz 

400kHz 

1MHz 

Outputs 

Floating Buck, 
Push-pull 

Single 

Single 

Single 

Opto-coupler 

Drive 

Startup Current 

1mA 





Leading Edge Blanking 






Soft Start 

Y 





Maximum Duty Cycle 

90% for Buck 
Stage, 50%/ 50% 
for Push-pull 
Stage 

95% 

95% 

95% 


Separate Oscillator / 

Synchronization Terminal 

Y 





Application / Design Note 





U-140 

Pin Count ❖ 

24 

20 

20 

20 

14 

Page Number 

PS/3-257 

PS/3-263 

PS/3-263 

PS/3-263 

PS/3-276 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

* Combined Reference, DAC, and Error Amplifier Tolerance. 

O Pulse- by-Pulse Current Limiting Not Applicable. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UC3841 

UNITRODE PART NUMBER 

UC3842 UC3842A UC3843 

UC3843A 

Application 

Primary Side, 
Programmable, 
Off-line, DC-DC 

Off-line 

Off-line 

DC-DC 

DC-DC 

Topology 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

1% 

Peak Output Current 

1A 

1A 

1A 

1A 

1A 

Under Voltage Lockout 


16V /10V 

16V/ 10V 

8.4V /7.6V 

8.5V /7.9V 

Maximum Practical Operating 
Frequency 

500kHz 

500kHz 

500kHz 

500kHz 

500kHz 

Outputs 

Single, Open 
Collector 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 

4.5mA 

1mA 

0.5mA 

1mA 

0.5mA 

Leading Edge Blanking 






Soft Start 

Y 





Maximum Duty Cycle 

Programmable 

100% 

100% 

100% 

100% 

Separate Oscillator / 

Synchronization Terminal 






Special Features 


! 

Trimmed 

Oscillator 

Discharge 

Current 


Trimmed 

Oscillator 

Discharge 

Current 

Application / Design Note 

DN-28 

DN-27, DN-40, 
DN-89, U-100A, 
U-111 

DN-26, DN-27, 
DN-29, DN-30, 
DN-40, DN-89, 
U-100A, U-111 

DN-27, DN-40, 
DN-89, U-100A, 
U-111 

DN-26, DN-27, 
DN-29, DN-30, 
DN-40, DN-89, 
U-100A, U-111 

Pin Count ❖ 

18 

8, 14 

8,14 

8,14 

8,14 

Page Number 

PS/3-281 

PS/3-289 

PS/3-296 

PS/3-289 

PS/3-296 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UC3844 

UNITRODE PART NUMBER 

UC3844A UC3845 UC3845A 

UC3846 

Application 

Off-line 

Off-line 

DC-DC 

DC-DC 

Off-line, DC-DC 

Topology 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Forward, Flyback 
Buck, Boost 

Push-pull, Full 
Bridge, Half 
Bridge 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

1% 

Peak Output Current 

1A 

1A 

1A 

1A 

0.5A 

Under Voltage Lockout 

16V /10V 

16V/ 10V 

8.4V /7.6V 

8.5V /7.9V 

7.7V /6.95V 

Maximum Practical Operating 
Frequency 

500kHz 

500kHz 

500kHz 

500kHz 

500kHz 

Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Startup Current 

1mA 

0.5mA 

1mA 

0.5mA 


Leading Edge Blanking 






Soft Start 





Y 

Maximum Duty Cycle 

50% 

50% 

50% 

50% 

50%/ 50% 

Separate Oscillator / 

Synchronization Terminal 





Y 

Special Features 


Trimmed 

Oscillator 

Discharge 

Current 


Trimmed 

Oscillator 

Discharge 

Current 


Application / Design Note 

DN-27, DN-40, 
DN-89, U-100A, 
U-111 

DN-26, DN-27, 
DN-29, DN-30, 
DN-40, DN-89, 
U-100A, U-111 

DN-27, DN-40, 
DN-89, U-100A, 
U-111 

DN-26, DN-27, 
DN-29, DN-30, 
DN-40, DN-89, 
U-100A, U-111 

DN-45, U-93, 
U-97, U-100A, 
U-111 

Pin Count ❖ 

8,14 

8,14 

8,14 

8,14 

16 

Page Number 

PS/3-289 

PS/3-296 

PS/3-289 

PS/3-296 

PS/3-302 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UC3847 

UNITRODE PART NUMBER 

UC3848 ) UC3849 ) UC3851 

UC3856 

Application 

Off-line, DC-DC 

Average Current 
Mode, Off-line, 
DC-DC 

Secondary Side, 
Average Current 
Mode 

Off-line, 
Programmable, 
Primary Side 
Controller 

Isolated Output, 
Push-pull 
Controller 

Topology 

Push-pull, Full 
Bridge, Half 
Bridge 

Forward, Flyback 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback, 
Buck, Boost 

Push-pull, Full 
Bridge, Half 
Bridge 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

1% 

Peak Output Current 

0.5A 

2A 

0.25A 

0.2A 

1.5A 

Under Voltage Lockout 

7.7V /6.95V 

13V/ 10V 

8.3V /7.9V 


7.7V /7.0V 

Maximum Practical Operating 
Frequency 

500kHz 

1MHz 

1MHz 

500kHz 

1MHz 

Outputs 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Startup Current 


500juA 

! 

4.5mA 


Leading Edge Blanking 


N/A 

N/A 

Y 


Soft Start 

Y 

! 

Y 

Y 

Y 

Maximum Duty Cycle 

50%/ 50% 

Programmable 

Programmable 

50% 

50%/ 50% 

Separate Oscillator/ 

Synchronization Terminal 

Y 

i 

Y 


Y 

Application / Design Note 

DN-45, U-93, 
U-97, U-100A, 
U-111 

U-135, U-140 

U-135, U-140 

DN-28 

DN-45, U-93, 
U-97, U-110 

Pin Count ♦> 

16 

16 

24 

18 

16 

Page Number 

PS/3-302 

PS/3-309 

PS/3-317 

PS/3-327 

PS/3-333 


AII products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

O Pulse- by-Pulse Current Limiting Not Applicable. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UCC3880-4 

UNITRODE PART NUMBER 

UCC3880-5 UCC3880-6 UCC3882 

UCC3884 

Application 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 

Off-Line or 
DC-DC 
Frequency 
Foldback 
Controller 

Topology 

Buck 

Buck 

Buck 

Synchronous 

Buck 

Forward, Flyback, 
Buck, Boost 

Voltage Reference Tolerance 

1%* 

1%* 

1%* 

1%* 

2% 

Peak Output Current 

1.5A 

1.5A 

1.5A 

1.5A 

0.5A Source, 1A 
Sink 

Under Voltage Lockout 

10.5V /10V 

10.5V /10V 

10.5V /10V 

10.5V /10V 

8.9V /8.3V 

Maximum Practical Operating 
Frequency 

100kHz 

200kHz 

400kHz 

700kHz 

750kHz 

Outputs 

Single 

Single 


Dual, N-FET 
Drive 

Single 

Startup Current 





200jliA 

Leading Edge Blanking 






Average Current Mode 

Y 

Y 


Y - 1 


Foldback Current Limiting 

Y 

Y 


Y 


Soft Start 





Y 

Maximum Duty Cycle 

95% 

95% 


95% 

80% 

Separate Oscillator/ 

Synchronization Terminal 





Y 

Special Features 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

5 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 


Application / Design Note 

U-140 

U-140 

U-140 

U-140 

DN-65, U-164 

Pin Count 

24 

18 

16 

28 

16 

Page Number 

PS/3-373 

PS/3-373 

PS/3-373 

PS/3-380 

PS/3-393 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

* Combined Reference, DAC, and Error Amplifier Tolerance. 

+ New Product 
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PWM Control (cont.) 


Current Mode Controllers 

UC3886 

UNITRODE PART NUMBER 

Application 

Microprocessor 

Power 





Topology 

Buck 





Voltage Reference Tolerance 

1.5% 





Peak Output Current 

1.5A 





Under Voltage Lockout 

10.3V /1 0.05 V 





Maximum Practical Operating 
Frequency 

400kHz 





Outputs 

Single 





Startup Current 






Leading Edge Blanking 






Average Current Mode 






Foldback Current Limiting 






Soft Start 






Maximum Duty Cycle 

95% 

! 




Separate Oscillator / 

Synchronization Terminal 


i 

! 




Special Features 

External 

Reference Input, 
Use with UC3910 





Application / Design Note 

U-140, U-156, 
U-157 





Pin Count ❖ 

16 





Page Number 

PS/3-400 






All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Dedicated DC/DC Controllers 

UNITRODE PART NUMBER 

UC2577-12 UC2577-15 UC2577-ADJ 

Description 

Simple Step-up Voltage 
Regulator 

Simple Step-up Voltage 
Regulator 

Simple Step-up Voltage 
Regulator 

Application 

3A Step-up Switching 
Regulator for Boost, Flyback, 
and Forward Converter 
Applications 

3A Step-up Switching 
Regulator for Boost, Flyback, 
and Forward Converter 
Applications 

3A Step-up Switching 
Regulator for Boost, Flyback, 
and Forward Converter 
Applications 

Output Voltage 

12V 

15V 

Adjustable 

Special Features 

•Circuit Requires Few 

External Components 

•NPN Output Switches 3A 

•Current Mode Operation for 
Improved Response 

•Fixed and Adjustable Output 
Versions Available 

•Circuit Requires Few 

External Components 

•NPN Output Switches 3A 

•Current Mode Operation for 
Improved Response 

• Fixed and Adjustable Output 
Versions Available 

•Circuit Requires Few 

External Components 

•NPN Output Switches 3A 

•Current Mode Operation for 
Improved Response 

• Fixed and Adjustable Output 
Versions Available 

Application / Design Note 

DN-47, DN-49 

DN-47, DN-49 

DN-49 

Pin Count* 

5 

5 

5 

Page Number 

PS/3-31 

PS/3-31 

PS/3-36 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Dedicated DC/DC Controllers 

UC3572 

UNITRODE PART NUMBER 

UC3573 UC3578 UCC3585+ 

Application 

Low Power, High 
Efficiency, Spot 
Regulator 

Low Power, High 
Efficiency, Spot 
Regulator 

DC-DC 

Low Input Voltage 
Synchronous 
Buck Regulator 
with Output 
Voltage Tracking 


Topology 

Negative Output 
Flyback 

Buck 

Buck 

Voltage Mode 
Synchronous 
Buck 


Voltage Reference Tolerance 

2% 

2% 

2% 

1% 


Peak Output Current 

0.5A 

0.5A 

0.6A Source, 
0.8A Sink 

0.5A 


Maximum Practical Operating 
Frequency 

300kHz 

300kHz 

100kHz Internal 
Oscillator 

700kHz 


Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Floating 
Totem Pole 

P FET/N FET 
Synchronous 


Startup Current 



N/A 

2.3mA 


Voltage Feedforward 




N 


Soft Start 



Y 

Y 


Maximum Duty Cycle 

100% 

, 

100% 

90% 

100% 


Separate Oscillator / 

Synchronization Terminal 




N 


Application / Design Note 


DN-70 

U-167 



Pin Count ❖ 

8 

8 

16 

16 


Page Number 

PS/3-108 

PS/3-112 

PS/3-116 

PS/3-154 



All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Dedicated DC/DC Controllers 

UNITRODE PART NUMBER 

’ UCC39401+ UCC3941 UCC3941 1/2/3+ 

Description 

Low Voltage Boost 
Controller / Charger 

IV Synchronous Boost 
Converter 

IV Low Power Boost 
Controller 

Application 

Pager Power 

High Efficiency Integrated 
Boost Converter 

High Efficiency Low Power 
Synchronous Boost 
Conversion 

Special Features 

•High Efficiency Boost 
•IV Input 
•Battery Charger 
•Backup LDO 

•Full Load Startup at IV 

•Power Limit Control 

•Auxiliary 9 V Supply 
•Output Disconnect 

•Shutdown Mode 

•200mW Output Power with 
Battery Voltages as low as 
0.8V 

•Power Limit Control 

•Adaptive Current Mode 
Control 

•Auxiliary 7 V Supply 

•Shutdown Mode 

Application / Design Note 




Pin Count ❖ 

20 

8 

8 

Page Number 

P P/7-34 

PP/7-45 

PP/7-58 



UNITRODE PART NUMBER 1 

Dedicated DC/DC Controllers 

UCC39421/2+ 

UCC3954 

Description 

Multimode HF PWM Controller 

Single Cell Lithium-Ion 
to 3.3V Converter 


Application 

High Efficiency Boost, Sepic 

High Efficiency Flyback 


Flyback Converter 

Converter 



•2mHz Operation 

•Fixed 3.3V Output 



•1.8V Input 

•750mA Output Current 


Special Features 

•Current Limit 

•Low Battery Warning 



•Power-on Reset 

•Low Battery Disconnect 



• Low Voltage Detect 

•Shutdown Mode 


Application / Design Note 




Pin Count ♦> 

16,20 

8 


Page Number 

P P/7-66 

P P/7-93 



All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
❖ The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Microprocessor UNITRODE PART NUMBER 


Power Controllers 

UCC3588+ 

UCC3830-4 

UCC3830-5 

UCC3830-6 

UCC3880-4 

Application 

Synchronous 
Buck Regulator 
with 5 Bit DAC 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 

Topology 

Voltage Mode 
Synchronous 
Buck 

Buck 

Buck 

Buck 

Buck 

Voltage Reference Tolerance 

1% 

1%* 

1%* 

1%* 

1%* 

Peak Output Current 

1A 

1.5A 

1.5A 

1.5A 

1.5A 

Maximum Practical Operating 
Frequency 

700kHz 

100kHz 

200kHz 

400kHz 

100kHz 

Outputs 

Dual NFET 
Synchronous 

Single 

Single 

Single 

Single 

Soft Start 

Y 





Average Current Mode 


Y 

Y 

Y 

Y 

Foldback Current Limiting 


Y 

Y 

Y 

Y 

Maximum Duty Cycle 

100% 

95% 

95% 

95% 

95% 

Special Features 


5 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

5 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

5 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

Application / Design Note 





U-140 

Pin Count ❖ 

16 

20 

20 

20 

20 

Page Number 

PS/3-163 

P S/3-263 

PS/3-263 

PS/3-263 

PS/3-373 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

* Combined Reference, DAC, and Error Amplifier Tolerance. 

+ New Product 
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PWM Control (cont.) 


Microprocessor 


UNITRODE PART NUMBER 

Power Controllers 

UCC3880-5 

UCC3880-6 

UCC3882 | 

Application 

Microprocessor 

Power 

Microprocessor 

Power 

Microprocessor 

Power 



Topology 

.. 

Buck 

Buck 

Synchronous 

Buck 



Voltage Reference Tolerance 

1%* 

1%* 

1%* 



Peak Output Current 

1.5A 

1.5A 

1.5A 



Maximum Practical Operating 
Frequency 

200kHz 

400kHz 

700kHz 



Outputs 

Single 

Single 

Dual, N-FET 
Drive 



Soft Start 






Average Current Mode 

Y 

Y 

Y 



Foldback Current Limiting 

Y 

y : 

Y 



Maximum Duty Cycle 

95% 

95% 

95% 



Special Features 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

4 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 

5 Bit 

Programmable 
Output Voltage, 
UV/OV Monitor 



Application / Design Note 

U-140 

U-140 

U-140 



Pin Count ♦> 

20 

20 

28 



Page Number 

PS/3-373 

PS/3-373 

PS/3-380 




All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

* Combined Reference, DAC, and Error Amplifier Tolerance. 

+ New Product 


10-48 





Power Supply Control (PS) Selection Guides 


y 


PWM Control (cont.) 


Microprocessor 

UNITRODE PART NUMBER 

Power Support 

UCC391 + 

UC3910 

UCC3946 1 

Description 

5-Bit DAC 5V Operation 

Reference, 4-bit DAC and 
Fault Monitor 

Microprocessor Supervisor 
with Watchdog Timer 

Application 

Sets Control Voltage for 
UC3886 and other Precision 
PWMs 

Sets Control Voltage for 
UC3886, UC3870 and other 
Precision PWMS 

Accurate Microprocessor 
Supervision 

Special Features 

•5V Operation 

•1% Combined Reference 
and DAC Tolerance 

•Meets VID Code for Pentium 
II Processors 

•4-bit DAC Sets Output 
Voltage of PWM, Meets Intel 
VID Code 

•1% Combined Reference 
and DAC Tolerance 

•Over and Under Voltage 
Monitoring and Protection 

•Programmable Reset Period 

•Programmable Watchdog 
Period 

• 1 .5% Accurate Threshold 

•4mA IDD 

Application / Design Note 


U-157, U-158 


Pin Count ❖ 

8 

16 

8 

Page Number 

PS/3-434 

PS/3-437 

PP/7-88 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Post Regulation Controllers 

UCC3583 

UNITRODE PART NUMBER 

UC3584 UC3838A 

Application 

Secondary Side 
Post Regulation 

DC-DC 

Secondary Side 
Synchronous 
Post Regulator 

Mag-Amp 

Controller 



Topology 

Buck 

Buck 




Voltage Reference Tolerance 

1.5% 

1% 

1% 



Peak Output Current 

1 .5A Source, 
0.5ASink 

1 .5A Source and 
Sink 

120mA Reset 
Current 



Maximum Practical Operating 
Frequency 

500kHz 

1MHz 




Undervoltage Lockout 

9.0V /8.4V 

10.5V /8.8V 

N/A 



Outputs 

Single, Totem 
Pole 

Single, Totem 
Pole 




Startup Current 

100juA 

N/A 




Voltage Feedforward 

N/A 





Soft Start 

Y 

Y 




Maximum Duty Cycle 

95% 

94% 




Separate Oscillator / 

Synchronization Terminal 

Y 

Y 




Special Features 

•For Both Single 
Ended and 
Center Tapped 
Secondary 
Circuits 

•Operation 

From Floating 
Supply 

Referenced to 
Output 

•Can Use 

Existing 

Windings 

• Internally 
Regulated 15V 
Boost Supply 
Bias for Low 
Voltage 
Applications 

•Short Circuit 
Protection with 
Programmable 
Delay 

•Dual Op-Amps 

• -120V Reset 
Driver 



Application / Design Note 

DN-64 

...... 

DN-64, DN-83 

DN-47 



Pin Count ♦> 

14 

16 

16, 20 

| 


Page Number 

PS/3-139 

PS/3-148 

PS/3-272 




All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
❖ The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Secondary Side 

PWM Control 

UC3826 

UNITRODE PART NUMBER 

UCC38390 UC3849C) UCC3960+ 

UCC3961+ 

Application 

Secondary Side, 
Average Current 
Mode 

Secondary Side, 
Average Current 
Mode Control 

Secondary Side, 
Average Current 
Mode 

Primary-Side 
Startup Control 

Primary-Side 
Startup Control 

Topology 

Forward, Flyback, 
Buck, Boost 

Any Topology 

Forward, Flyback, 
Buck, Boost 



Voltage Reference Tolerance 

1% 

1% 

1% 

5% 

5% 

Peak Output Current 

0.25A 

10mA to Drive 
Opto-coupler 

0.25A 

1.5A 

1.5A 

Undervoltage Lockout 

8.4V / 8V 


8.3V /7.9V 

10V /8V 

10V /8V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

400kHz 

Synchronizable 

Switching 

Frequency 

400kHz 

Synchronizable 

Switching 

Frequency 

Outputs 

Single, Totem 
Pole 

Opto-coupler 

Drive 

Single, Totem 
Pole 

Single 

Single 

Startup Current 




1 50jnA 

1 50jllA 

Leading Edge Blanking 

N/A 


N/A 

N/A 

N/A 

Soft Start 

Y 


Y 

Y 

Y 

Maximum Duty Cycle 

Programmable 


Programmable 


Programable V-S 
Clamp 

Separate Oscillator / 

Synchronization Terminal 

Y 


Y 



Special Features 





•Multimode 

OVC 

Protection, 

•Programable 

OV and UV, 

•Self Bias 
Regulation. 

Application / Design Note 

U-135, U-140 

U-140 

U-135, U-140 

DN-99 

DN-99 

Pin Count ♦> 

24 

14 

24 

8 

14 

Page Number 

PS/3-247 

PS/3-276 

PS/3-317 

PS/3-442 

PS/3-450 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

O Pulse- by-Pulse Current Limiting Not Applicable. 

+ New Product 
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PWM Control (cont.) 


Soft Switching Controllers 

UCC3580-1 ★ 

UNITRODE PART NUMBER 

UCC3580-2* UCC3580-3* UCC3580-4* 

UC3860 

Application 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Off-line, DC-DC, 
Zero Current 
Switching 

Topology 

Forward, Flyback 

Forward, Flyback 

Forward, Flyback 

Forward, Flyback 

Half Bridge, Full 
Bridge 

Voltage Reference Tolerance 

1.5% 

1.5% 

1.5% 

1.5% 

1% 

Peak Output Current 

1A/0.5A 

1A/0.5A 

1A/0.5A 

1A/0.5A 

2A 

Undervoltage Lockout 

9V/8.5V 

15V /8.5V 

9V/8.5V 

15V /8.5V 

17.3V/ 10.5V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

2MHz 

Outputs 

Dual 

Complementary, 
Totem Pole 

Dual 

Complementary, 
Totem Pole 

Dual 

Complementary, 
Totem Pole, 
Inverted Out2 

Dual 

Complementary, 
Totem Pole, 
Inverted Out2 

Dual 

Programmable, 
Totem Pole 

Startup Current 

50(jA 

50|iA 

50pA 

50pA 

300|aA 

Voltage Feedforward 

Y 

Y 

Y 

Y 


Soft Start 

Y 

Y 

Y 

Y 


Maximum Duty Cycle 

Programmable 

Programmable 

Programmable 

Programmable 

Programmable 

Separate Oscillator / 

Synchronization Terminal 

Y 

Y 

Y 

Y 

Y 

Application / Design Note 

DN-65 

DN-65 

DN-65 

DN-65 


Pin Count ❖ 

16 

16 

16 

16 

24, 28 

Page Number 

PS/3-122 

PS/3-122 

PS/3-122 

PS/3-122 

PS/3-341 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

★ Does Not Feature Current Limiting. 

+ New Product 


10-52 




Power Supply Control (PS) Selection Guides 


y 


PWM Control (cont.) 


Soft Switching Controllers 

UC3861 

UNITRODE PART NUMBER 

UC3862 UC3863 UC3864 

UC3865 

Application 

Off-line, Zero 
Voltage Switching 

DC-DC and 
Battery, Zero 
Voltage Switching 

DC-DC and 
Battery, Zero 
Voltage Switching 

DC-DC and 
Battery, Zero 
Voltage Switching 

Off-line, Zero 
Current Switching 

Topology 

Half Bridge, Full 
Bridge 

Forward, Flyback 

Half Bridge, Full 
Bridge 

Forward, Flyback 

Half Bridge, Full 
Bridge 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

1% 

Peak Output Current 

1A 

1A 

1A 

1A 

1A 

Undervoltage Lockout 

16.5V /10.5V 

16.5V/ 10.5V 

8V/7V 

8V/7V 

16.5V/ 10.5V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Startup Current 

150|uA 

150pA 

150joA 

150|uA 

150pA 

Voltage Feedforward 






Soft Start 






Maximum Duty Cycle 

50% / 50% 

100% 

50%/ 50% 

100% 

50%/ 50% 

Separate Oscillator / 

Synchronization Terminal 


! 




Application / Design Note 

U-122, U-138 

U-122, U-138 

U-122, U-138 

U-122, U-138 

U-122, U-138 

Pin Count ❖ 

16 

16 

16 

16 

16 

Page Number 

PS/3-349 

PS/3-349 

PS/3-349 

PS/3-349 

PS/3-349 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Soft Switching Controllers 

UC3866 

UNITRODE PART NUMBER 

UC3867 UC3868 UC3875 

UC3876 

Application 

Off-line, Zero 
Current Switching 

DC-DC and 
Battery, Zero 
Current Switching 

DC-DC and 
Battery, Zero 
Current Switching 

Zero Voltage 
Transition, Phase 
Shifted Bridge 

Zero Voltage 
Transition, Phase 
Shifted Bridge 

Topology 

Forward, Flyback 

Half Bridge, Full 
Bridge 

Forward, Flyback 

Full Bridge 

Full Bridge 

Voltage Reference Tolerance 

1% 

1% 

1% 

1% 

1% 

Peak Output Current 

1A 

1A 

1A 

2A 

2A 

Undervoltage Lockout 

16.5V/ 10.5V 

8V/7V 

8V/7V 

10.75V /9.5V 

15.25V /9.25V 

Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

1MHz 

1MHz 

1MHz 

Outputs 

Single, Totem 
Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Quad Phase 
Shifted, Totem 
Pole 

Quad Phase 
Shifted, Totem 
Pole 

Startup Current 

150juA 

150|iA 

1 50jxA 

150pA 

150pA 

Soft Start 




Y 

Y 

Maximum Duty Cycle 

100% 

50%/ 50% 

100% 

100% 

100% 

Separate Oscillator/ 

Synchronization Terminal 




Y 

Y 

Application / Design Note 

U-122, U-138 

U-122, U-138 

U-122, U-138 

DN-63, U-111, 
U-136A 

DN-63, U-111, 
U-136A 

Pin Count ❖ 

16 

16 

16 

20, 28 

20, 28 

Page Number 

PS/3-349 

PS/3-349 

PS/3-349 

PS/3-357 

PS/3-357 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
❖ The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 


10-54 




Power Supply Control (PS) Selection Guides 


y 


PWM Control (cont.) 


Soft Switching Controllers 

UC3877 

UNITRODE PART NUMBER 

UC3878 UC3879 UCC3895+ 

Application 

Zero Voltage 
Transition, Phase 
Shifted Bridge 

Zero Voltage 
Transition, Phase 
Shifted Bridge 

Zero Voltage 
Transition, Phase 
Shifted Bridge 

Zero Voltage 
Transition, 
Phase, Shifted 
Bridge 


Topology 

Full Bridge 

Full Bridge 

Full Bridge 

Full Bridge 


Voltage Reference Tolerance 

1% 

i% 

1% 

1% 


Peak Output Current 

2A 

2A 

0.1A 

0.1A 


Undervoltage Lockout 

10.75V /9.5V 

15.25V /9.25V 

Selectable 
10.75V /9.5V, 
15.25V /9.25V 

11V/ 9 V 


Maximum Practical Operating 
Frequency 

1MHz 

1MHz 

300kHz 

1MHz 


Outputs 

Quad, Phase 
Shifted, Totem 
Pole 

Quad Phase 
Shifted, Totem 
Pole 

Quad Phase 
Shifted, Totem 
Pole 

Quad, Phase 
Shifted, Totem 
Pole 


Startup Current 

1 50jnA 

150|oA 

150pA 

150joA 


Leading Edge Blanking 






Soft Start 

Y 

Y 

Y 

Y 


Maximum Duty Cycle 

100% 

100% 

100% 

100% 


Separate Oscillator / 

Synchronization Terminal 

Y 

Y 

Y 

Y 


Application / Design Note 

DN-63, U-111, 
U-136A 

DN-63, U-111, 
U-136A 

DN-63, U-111, 
U-136A, U-154 

DN-63, U-136A 


Pin Count ♦> 

20, 28 

20, 28 

20 

20 


Page Number 

PS/3-357 

PS/3-357 

PS/3-367 

PS/3-425 



All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
❖ The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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PWM Control (cont.) 


Voltage Mode Controllers 

UC3524* 

UNITRODE PART NUMBER 

UC3524A UC3525A UC3525B 

UC3526 

Application 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Topology 

Forward, Flyback, 
Buck, Boost 

Forward, Flyback, 
Buck, Boost 

Full Bridge, Half 
Bridge 

Full Bridge, Half 
Bridge 

Full Bridge, Half 
Bridge 

Voltage Reference Tolerance 

4% 

1% 

1% 

0.75% 

1% 

Peak Output Current 

100mA 

200mA 

400mA 

200mA 

100mA 

Undervoltage Lockout 


7.5V /7V 

7V 

TV 

Y 

Maximum Practical Operating 
Frequency 

300kHz 

500kHz 

500kHz 

500kHz 

400kHz 

Outputs 

Dual Alternating, 
Uncommitted 

Dual Alternating, 
Uncommitted 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Startup Current 


4mA 




Voltage Feedforward 






Soft Start 



Y 

Y 

Y 

Maximum Duty Cycle 

50%/ 50% 

50%/ 50% 

50%/ 50% 

50%/ 50% 

50%/ 50% 

Separate Oscillator / 

Synchronization Terminal 

Y 

Y 

Y 

Y 

Y 

Application / Design Note 



DN-36 

DN-36 


Pin Count ❖ 

16 

16 

16 

16 

16 

Page Number 

PS/3-43 

PS/3-48 

PS/3-54 

PS/3-61 

PS/3-68 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

* Does Not Feature UVLO. 

+ New Product 
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Voltage Mode Controllers 

UC3526A 

UNITRODE PART NUMBER 

UC3527A UC3527B UC3548 

UCC3570 

Application 

Fixed Frequency 
PWM Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Fixed Frequency 
PWM, Off-line, 
DC-DC 

Off-line, DC-DC 

Wide Range, 
Off-line 

Topology 

Full Bridge, 

Half Bridge 

Full Bridge, Half 
Bridge 

Full Bridge, Half 
Bridge 

Flyback, Forward 

Forward, Flyback, 
Buck, Boost 

Voltage Reference Tolerance 

1% 

1% 

0.75% 

1% 

1% 

Peak Output Current 

100mA 

400mA 

200mA 

2A 

500mA 

Undervoltage Lockout 

Y 

7V 

7V 

13V/ 10V 

13V/9V 

Maximum Practical Operating 
Frequency 

550kHz 

500kHz 

500kHz 

1MHz 

500kHz 

Outputs 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Dual Alternating, 
Totem Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 




500(jA 

85|aA 

Voltage Feedforward 




Y 

Y 

Soft Start 

Y 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

50%/ 50% 

50%/ 50% 

50%/ 50% 

Programmable 

100% 

Separate Oscillator / 

Synchronization Terminal 

Y 

Y 

Y 



Application / Design Note 


DN-36 

i 

DN-36 

1 


DN-48, DN-62, 
DN-65, U-150 

Pin Count ♦> 

18 

16 

16 

16 

14 

Page Number 

PS/3-75 

PS/3-54 

PS/3-61 

PS/3-83 

PS/3-91 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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Voltage Mode Controllers 


UNITRODE PART NUMBER 

UCC35701+ UCC3580-1* UCC3580-2* UCC3580-3* UCC3580-4* 


Application 

Wide Range 
DC-DC and 
Off-line 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Active Clamp / 
Reset PWM 

Topology 

Forward, Flyback, 
Buck and Boost 

Forward, Flyback 

Forward, Flyback 

Forward, Flyback 

Forward, Flyback 

Voltage Reference Tolerance 

1% 

1.5% 

1.5% 

1.5% 

1.5% 

Peak Output Current 

1.2A 

1A/0.5A 

1A/0.5A 

1A/0.5A 

1A/0.5A 

Undervoltage Lockout 

13V /9V 

9V/8.5V 

15V /8.5V 

9V/8.5V 

15V /8.5V 

Maximum Practical Operating 
Frequency 

700kHz 

1MHz 

1MHz 

1MHz 

1MHz 

Dual 

Complementary, 
Totem Pole, 
Inverted Out2 

Outputs 

Single, Totem 
Pole 

Dual 

Complementary, 
Totem Pole 

Dual 

Complementary, 
Totem Pole 

Dual 

Complementary, 
Totem Pole, 
Inverted Out2 

Startup Current 

1 30jaA 

50joA 

50jiA 

50|uA 

50juA 

Voltage Feedforward 

Y 

Y 

Y 

Y 

Y 

Y 

Soft Start 

Y 

Y 

Y 

Y 

Maximum Duty Cycle 

100% 

Programmable 

Programmable 

Programmable 

Programmable 

Separate Oscillator / 

Synchronization Terminal 

Y 

l 

Y 

Y 

Y 

Y 

Application / Design Note 

DN-48, DN-62, 
DN-65, U-150 

DN-65 

DN-65 DN-65 

DN-65 

Pin Count ❖ 

14 

16 

16 

16 

16 

Page Number 

PS/3-99 

PS/3-122 

PS/3-122 

PS/3-122 

PS/3-122 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

★ Does Not Feature Current Limiting. 

+ New Product 
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PWM Control (cont.) 


Voltage Mode Controllers 

UCC3581 

UNITRODE PART NUMBER 

UCC3588+ UCC3888 UCC3889 

UCC3890 

Application 

Off-line, Primary 
Side PWM for 
ISDN 

Applications 

Synchronous 
Buck Regulator 
with 5 Bit DAC 

Off-line Power 
Supply Controller 

Off-line Power 
Supply Controller 

Off-line Battery 
Charge Controller 

Topology 

Forward, Flyback 

Voltage Mode 
Synchronous 
Buck 

Flyback 

Flyback 

Flyback 

Voltage Reference Tolerance 

1.5% 

1% 

3% 

3% 

4% 

Peak Output Current 

1A 

1A 

0.1 5A 

0.1 5A 

0.1 5A 

Undervoltage Lockout 

7.3V /6.8V 

10.5V/ 10V 

8.4V /6.3V 

8.4V /6.3V 

8.6V /6.3V 

Maximum Practical Operating 
Frequency 

100kHz 

700kHz 

250kHz 

250kHz 

250kHz 

Outputs 

Single, Totem 
Pole 

Dual NFET 
Synchronous 

Single, Totem 
Pole 

Single, Totem 
Pole 

Single, Totem 
Pole 

Startup Current 

lOOpA 


150pA 

150pA 


Voltage Feedforward 



Y 

Y 

Y 

Soft Start 

Y 

Y 




Maximum Duty Cycle 

Programmable 

100% 

55% 

55% 

N/A 

Separate Oscillator / 

Synchronization Terminal 

Y 





Application / Design Note 

DN-48, DN65 


DN-59A, U-149A 

DN-59A, DN-65, 
U-149A 


Pin Count ♦> 

14 

16 

8 

8 

8 

Page Number 

PS/3-131 

PS/3-163 

PS/3-407 

PS/3-412 

PS/3-418 


All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
<*The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 


10-59 



Power Supply Control (PS) Selection Guides 


y 


PWM Control (cont.) 


Voltage Mode Controllers 

UC494A/AC 

UNITRODE PART NUMBER 

UC495A/AC 

Application 

DC-DC 

DC-DC 




Topology 

Buck, Boost, 
Push-Pull, Half 
Bridge 

Buck, Boost, 
Push-Pull, Half 
Bridge 




Voltage Reference Tolerance 

1% 

1% 




Peak Output Current 

200mA 

200mA 




Undervoltage Lockout 

5V/4.7V 

5V/4.7V 




Maximum Practical Operating 
Frequency 






Outputs 

Dual Floating 

Dual Floating 




Startup Current 

6mA 

6mA 




Voltage Feedforward 






Soft Start 






Maximum Duty Cycle 






Separate Oscillator / 

Synchronization Terminal 






Special Features 


On Chip 39V 
Zener 




Application / Design Note 

DN-38 

DN-38 




Pin Count ♦> 

16 

18 




Page Number 

PS/3-460 

PS/3-460 





All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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Power Factor Correction 

Power Factor Correction Products 10-61 


Power Factor Correction 

Power Factor 

Correction Products 

UCC3817+ 

UNITRODE PART NUMBER 

UCC3818+ UCC38500+ UCC38501+ 

UCC38502+ 

Soft Switching 






Maximum Practical Operating 
Frequency 

250kHz 

250kHz 

250kHz 

250kHz 

250kHz 

Current Error Amplifier Bandwidth 

3MHz 

3MHz 

Y 

3MHz 

3MHz 

3MHz 

Average Current Mode 

Y 

Y 

Y 

Y 

Worldwide AC Input Voltage 
Operation 

Y 

Y 

Y 

Y 

Y 

Output Drive 

1A 

1A 

1A 

1A 

1A 

Startup Current 

0.1A 

0.1A 

0.1A 

0.1A 

0.1A 

Undervoltage Lockout 

16V/ 10V 

10.5V/ 10V 

16V/ 10V 

10.5V/ 10V 

16V/ 10V 

UVLO 2 Hysteresis 



1.2V 

(300V Turn-off) 

1.2V 3V 

(300V T urn-off) (200V T urn-off) 

Overvoltage Protection 

Y 

Y 

Y 

Y 

Y 

Enable Input 

Y (with OVP) 

Y 

Y 

Y 

Y 

Multiplier / Divider Feedforward 

Y (Simplified) 

Y (Simplified) 

Y (Simplified) 

Y (Simplified) 

Y (Simplified) 

Special Features 



DC /DC 
Controller 
Included 

DC /DC 
Controller 
Included 

DC/DC 

Controller 

Included 

Application / Design Note 

DN-39E 

DN-39E 

DN-39E 

20 



Pin Count ♦> 

16 

16 

20 

20 

Page Number 

PS/4-5 

PS/4-5 

PS/4-15 

PS/4-15 

PS/4-15 


*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Factor Correction (cont.) 


Power Factor 


UNITRODE PART NUMBER 


Correction Products 

UC3854B 

UC3855A 

UC3855B 

UCC3857 

UCC3858 

Soft Switching 


ZVT 

ZVT 

ZCT 


Maximum Practical Operating 
Frequency 

200kHz 

500kHz 

500kHz 

500kHz 

500kHz 

Current Error Amplifier Bandwidth 

5MHz 

5MHz 

5MHz 

5MHz 

5MHz 

Average Current Mode 

Y 

Y 

Y 

Y 

Y 

Worldwide AC Input Voltage 
Operation 

Y 

Y 

Y 

Y 

Y 

Output Drive 

1A 

1.5A 

1.5A 

1A 

0.5A 

Startup Current 

0.3mA 

0.15mA 

0.15mA 

0.06mA 

0.1mA 

Undervoltage Lockout 

10.5V /10V 

16V/ 10V 

10.5V/ 10V 

13.8V /10V 

13.8V/ 10V 

Overvoltage Protection 


Y 

Y 


Y 

Enable Input 

Y 

Y 

Y 


Y 

Multiplier / Divider Feedforward 

Y 

Y 

Y 

Y (Faster 
Response) 

Y (Faster 
Response) 

Special Features 


Current 

Synthesizer 

Current 

Synthesizer 

Single Stage 
Isolated Output 

Improved 
Efficiency at Light 
Load 

Application / Design Note 

DN-39E, DN-44, 
DN-66 

DN-39E, DN-66, 
U-153 

DN-39E, DN-66, 
U-153 

DN-39E 

DN-39E, DN-90 

Pin Count ❖ 

16 

20 

20 

20 

16 

Page Number 

PS/4-42 

PS/4-48 

PS/4-48 

PS/4-56 

PS/4-65 


<*The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Factor Correction (cont.) 


Power Factor 

Correction Products 

UCC38503+ 

UNITRODE PART NUMBER 

UC3852 UC3853 UC3854 

UC3854A 

Soft Switching 


ZCT 




Maximum Practical Operating 
Frequency 

250kHz 

Variable 

125kHz 

200kHz 

200kHz 

Current Error Amplifier Bandwidth 

3MHz 

N/A 

1MHz 

800kHz 

5MHz 

Average Current Mode 

Y 


Y 

Y 

Y 

Worldwide AC Input Voltage 
Operation 

Y 


Y 

Y 

Y 

Output Drive 

1A 

0.5A 

1A 

1A ' 

1A 

Startup Current 

0.1A 

1mA 

0.25mA 

1.5mA 

0.3mA 

Undervoltage Lockout 

10.5V/ 10V 

16.3V /1 1.5V 

11.5V /9.5V 

16V/ 10V 

16V/ 10V 

UVLO 2 Hysteresis 

3V 

(200V Turn-off) 





Overvoltage Protection 

Y 


Y 



Enable Input 

Y 



Y 

Y 

Multiplier / Divider Feedforward 

Y (Simplified) 

N/A 

Y 

Y 

Y 

Special Features 

DC /DC 
Controller 
Included 





Application / Design Note 


DN-39E, U-132 

DN-39E, DN-77, 
DN-78, U-159 

DN-39E, DN-41, 
U-134 

DN-39E, DN-44, 
DN-66 

Pin Count ❖ 

20 

8 

8 

16 

16 

Page Number 

PS/4-15 

PS/4-22 

PS/4-27 

PS/4-32 

PS/4-42 


*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 


10-63 



Power Supply Control (PS) Selection Guides 


y 


Linear Regulation 

Linear Controllers 10-64 

Low Dropout Linear Regulators 10-65 

Special Function 10-66 


Linear Regulation 


Linear Controllers 

UC3832 

UNITRODE PART NUMBER 

UC3833 UC3834 UC3835 

UC3836 

Type of Output 

Positive 

Adjustable 

Positive 

Adjustable 

Positive / 
Negative 
Adjustable 

5V Fixed 

Positive 

Adjustable 

Maximum Input Voltage 

36V 

36V 

40V 

40V 

40V 

Minimum Output Voltage 

2.0 V 

2.0V 

+1.5V/-2.0V 


2.5V 

Output Drive 

300mA 

300mA 

350mA 

500mA 

500mA 

Type of Short Circuit Limit 

Duty Cycle 

Duty Cycle 

Foldback 

Foldback 

Foldback 

Reference Voltage Accuracy 

2% 

2% 

3%/ 4% 

2% 

2% 

Special Features 

Multiple Pins 
Accessible 

8 Pin Package 


Built in Rsense 

Built in Rsense 

Application / Design Note 

DN-32, DN-61, 
U-152 

DN-32, DN-61, 
U-152 

U-95 



Pin Count ❖ 

14,16 

8,16 

16 

8,16 

8,16 

Page Number 

PS/5-11 

PS/5-11 

PS/5-18 

PS/5-24 

PS/5-24 


Linear Controllers 

UCC3837 

UNITRODE PART NUMBER 

Type of Output 

Positive 

Adjustable 





Maximum Input Voltage 

12V 





Minimum Output Voltage 

1.5V 





Output Drive 

1.5mA 





Type of Short Circuit Limit 

Duty Cycle 





Reference Voltage Accuracy 

2% 





Special Features 

•Internal Charge 
Pump 

•Direct N-FET 
Drive 





Application / Design Note 






Pin Count ❖ 

8 





Page Number 

PS/5-28 






*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Linear Regulation (cont.) 


Low Dropout 


UNITRODE PART NUMBER 


Linear Regulators 

UC381 

UC382-1 

UC382-2 

UC382-3 

UC382-ADJ 

Output Voltage 

3.3V, 5V, ADJ 

1.5V 

2.1V 

2.5 V 

1 .2V / Adjustable 

Dropout Voltage 

0.5V at 1 A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

450mV at 3A 

Output Voltage Accuracy 

2.5% 

1% 

1% 

1% 

1% 

Maximum Input Voltage 

9V 

7.5V 

7.5V 

7.5V 

7.5V 

Shutdown Current 

10jiA 





Operating Current 

400pA 





Line Regulation 

0.01% /V 





Load Regulation 

0.1%, loiJT = 0 

1A 





Special Features 

Power Limit 

Fast Transient 
Response 

Fast Transient 
Response 

Fast Transient 
Response 

Fast Transient 
Response 

Pin Count ❖ 

8 

5 

5 

5 

5 

Page Number 

P P/7-5 

PS/5-5 

PS/5-5 

PS/5-5 

PS/5-5 


Low Dropout 


UNITRODE PART NUMBER 


Linear Regulators 

UC383 

UC384 

UC385-1 

UC385-2 

UC385-3 

Output Voltage 

3.3V, 5V, ADJ 

5V, 12V, ADJ 

1.5V 

2.1V 

2.5V 

Dropout Voltage 

0.45V at 3A 

0.2V at 500mA 

450mV at 5A 

450mV at 5A 

450mV at 5A 

Output Voltage Accuracy 

2.5% 

2.5% 

1% 

1% 

1% 

Maximum Input Voltage 

9V 

-16V 

7.5V 

7.5V 

7.5V 

Shutdown Current 

40pA 

17pA 




Operating Current 

400pA 

240pA 




Line Regulation 

0.01% /V 

0.01% /V 




Load Regulation 

0.1%, loUT = ^ t° 
1A 

0.1%, loUT = 0 to 
500mA 




Special Features 

Power Limit 

Power Limit 

Fast Transient 
Response 

Fast Transient 
Response 

Fast Transient 
Response 

Pin Count ❖ 

3 

8 

5 

5 

5 

Page Number 

P P/7- 12 

P P/7-1 9 

PS/5-35 

PS/5-35 

PS/5-35 


*>The smallest available pin count for thru-hole and surface mount packages . 
+ New Product 
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Linear Regulation (cont.) 


Low Dropout 


UNITRODE PART NUMBER 

Linear Regulators 

UC385-ADJ 

UC386+ 

UC387+ 

UC388+ 

Output Voltage 

1 .2V / Adjustable 

3.3V 

5 V 

Adjustable down 
to 1.25V 


Dropout Voltage 

450mV at 5A 

0.2V at 200mA 

0.2V at 200mA 

0.2V at 200mA 


Output Voltage Accuracy 

1% 

1.5% 

1.5% 

1.5% 


Maximum Input Voltage 

7.5 V 

9V 

9V 

9V 


Shutdown Current 


2pA 

2pA 

2juA 


Operating Current 


10nA 

10pA 

lOpA 


Line Regulation 


25mV max 

25mV max 

25mV max 


Load Regulation 


lOmVmax 

lOmV max 

lOmV max 


Special Features 

Fast Transient 
Response 

TSSOP 

TSSOP 

TSSOP 


Pin Count ♦> 

5 

8 

8 

8 


Page Number 

PS/5-35 

P P/7-29 

P P/7-29 

PP/7-29 



Special Functions 


UNITRODE PART NUMBER 

Linear Regulators 

UC560 

UCC561+ 

UC563+ 

Type of Output 

Positive 

Positive 

Positive 



Application 

Source / Sink 
Regulator for the 
18 and 27 Line 
SCSI Termination 

LVD SCSI 
Regulator for the 
18 and 27 Line 
Termination 

32 Line VME Bus 
Bias Generator 



Input Voltage 

4V-6V 

2.7V- 5.25V 

4.875V-5.25V 



Output Voltage 

2.85V 

1.3V, 1.75V, 
0.75V 

2.94 V 



Dropout Voltage 

0.9V at 750mA 





Bus Standard 

SCSI-1,2,3 

SPI-2, 3 

VME/VME64 



Sink /Source Current 

300mA /-750mA 

200mA /-200mA 

475mA / -575mA 



Application / Design Note 






Pin Count ♦> 

5,8 

16 

3,8 



Page Number 

IF/4-3 

IF/4-7 

IF/4-10 




♦>77ie smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Drivers 

Power and FET Drivers 10-67 

Power Drivers 


Power and FET Drivers 

L293/D 

UNITRODE PART NUMBER 

UC2950 UC3702 UC3705 

UC3706 


Power Driver 

Quad 

Single 


Single 

Dual 

FET Driver 






Isolated Driver Pairs 






Relay Drivers 



Quad 



Output Configuration 

Non-Inverting 

Sink / Source TTL 

Non-Inverting 

Complementary 

Complementary 

Enable 






Inhibit 

Y 


Y 


Y 

Analog Stop 





Y 

Output Rise Time 

250ns 



60ns 

60ns 

Maximum Voltage 

36V 

35V 

42.5V 

40V 

40V 

Peak Output Current 

2.0A/1.2A 

4.0A 

50mA per Relay 

1.5A 

1.5A 

Application / Design Note 




U-111, U-118, 
U-137 

U-111, U-118, 
U-137 

Pin Count ❖ 

16, 28 

5 

16 

5,8 

16 

Page Number 

PS/6-5 

PS/6-10 

PS/6-12 

PS/6-16 

PS/6-19 





Power and FET Drivers 

UC3707 

UNITRODE PART NUMBER 

UC3708 UC3709 UC3710 

UC3711 


Power Driver 

Dual 

Dual 




FET Driver 



Single 

Single 

Dual 

Isolated Driver Pairs 






Relay Drivers 






Output Configuration 

Complementary 

Non-Inverting 

Non-Inverting 

Complementary 

Non-Inverting 

Enable 


Y 




Inhibit 

Y 





Analog Stop 

Y 





Output Rise Time 

50ns 

75ns 

40ns 

40ns 

20ns 

Maximum Voltage 

40V 

35V 

40V 

20V 

40V 

Peak Output Current 

1.5A 

3.0A 

1.5A 

6.0A 

1.5A 

Application / Design Note 

U-111, U-118, 
U-137 

DN-35, U-111, 
U-137 

U-111, DN-118, 
U-137 

U-111 

U-111 

Pin Count ❖ 

16 

8, 16 

8, 16 

5, 8,16 

8 

Page Number 

PS/6-24 

PS/6-31 

PS/6-35 

PS/6-38 

PS/6-41 


<*The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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Power Drivers (cont.) 


Power and FET Drivers 

UC3714 

UNITRODE PART NUMBER 

UC3715 UC3724 UC3725 

UC3726 

Power Driver 





Transmitter 

FET Driver 

Dual 

Dual 

Transmitter 

Single 


Isolated Driver Pairs 



FET Drv 

FET Drv 

IGBT Drv 

Relay Drivers 






Output Configuration 

Non-Inverting 

One Inverting, 
One 

Non-Inverting 

Non-Inverting 

Non-Inverting 

Non-Inverting 

Enable 

Y 

Y 




Inhibit 






Analog Stop 






Output Rise Time 

100ns /50ns 

100ns /50ns 

30ns 

30ns 

75ns 

Maximum Voltage 

20V 

20V 

40V 

40V 

40V 

Peak Output Current 

1.0A/2.0A 

1.0A/2.0A 

2.0A 

2.0A 

4.0A 

Application / Design Note 

U-111 

U-111 

DN-35, U-127 

DN-35, U-127 

DN-57, DN-60, 
U-143C 

Pin Count ❖ 

8, 16 

8, 16 

8, 16 

8,16 

16, 28 

Page Number 

PS/6-43 

PS/6-43 

PS/6-50 

PS/6-53 

PS/6-57 


Power and FET Drivers 

UC3727 

UNITRODE PART NUMBER 

UCC37423+ UCC37424+ UCC37425+ 

UCC37523+ 

Power Driver 

Single 





FET Driver 


Dual 

Dual 

Dual 

Dual 

Isolated Driver Pairs 

IGBT Drv 





Relay Drivers 






Output Configuration 

Non-Inverting 

Inverting 

Non-Inverting 

One Inverting, 
One 

Non-Inverting 

Inverting 

Enable 





Y 

Inhibit 






Analog Stop 






Output Rise Time 

75ns 

20ns 

20ns 

20ns 

20ns 

Maximum Voltage 

40V 

20V 

20V 

20V 

20V 

Peak Output Current 

4.0A 

3.0A 

3.0A 

3.0A 

3.0A 

Special Features 


UVLO 

UVLO 

UVLO 

UVLO, Adaptive 
LEB 

Application / Design Note 

DN-57, DN-60, 
U-143C 





Pin Count ❖ 

20, 28 

8, 16 

8,16 

8,16 

8,16 

Page Number 

PS/6-62 

PS/6-68 

PS/6-68 

PS/6-68 

PS/6-73 


<*The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Drivers (cont.) 


Power and FET Drivers 

UCC37524+ 

UNITRODE PART NUMBER 

UCC37525+ UCC3776 

Power Driver 






FET Driver 

Dual 

Dual 

Quad 



Isolated Driver Pairs 






Relay Drivers 






Output Configuration 

Non-Inverting 

One Inverting, 
One 

Non-Inverting 

Non-Inverting 



Enable 

Y 

Y 

Y 



Inhibit 






Analog Stop 






Output Rise Time (ns) 






Maximum Voltage 

20V 

20V 

18V 



Peak Output Current 

3.0A 

3.0A 

1.5A/2.0A 



Special Features 

UVLO, Adaptive 
LEB 

UVLO, Adaptive 
LEB 

UVLO 



Application / Design Note 






Pin Count ❖ 

8,16 

8, 16 

16 



Page Number 

PS/6-73 

PS/6-73 

PS/6-79 




*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Supply Support 

Feedback Signal Generators. . . . . . . . v. . 10-70 

Load Share Controllers 10-71 

Schottky Diode Array/Bridges 10-71 

Supervisory and Monitor Circuits' 10-72 


Power Supply Support 




UNITRODE 


Feedback Signal Generators 


PART NUMBER 



UC3901 

UC39431 

UC39432 

UC3965 

Description 

Isolated Feedback 
Generator 

Precision Adjustable 
Shunt Regulator 

Precision Analog 
Controller 

Precision Reference 
with Low Offset Error 
Amplifier 

Application 

Amplitude Modulation 
System Used to 
Couple a Control 
Signal Across a 
Voltage Isolation 
Barrier 

Adjustable 100mA 
Shunt Regulator, 
Voltage Reference 
Optocoupler Driver, 
Voltage to Current 
Converter 

Adjustable 100mA 
Shunt Regulator, 
Optocoupler Driver, 
Programmable 
Transconductance 
Voltage to Current 
Converter 

Used for High 
Precision PWM 
Switching Regulators 

Key Features 

•Transformer 

Couples Isolated 
Feedback Error 
Signal 

•Low Cost 

Alternative to 

Optical Couplers 

•5MHz Carrier 
Provides Fast 
Response 

Capability 

•Modulator 
Synchronizable to 
an External Clock 

•Multiple On-chip 
Programmable 
Reference Voltages 

•2.2V to 36V 
Operating Supply 
Voltage and User 
Programmable 
Reference 

•Linear 

Transconductance 
for Optocoupler 
Feedback 
Applications 

•Programmable, 

Linear 

Transconductance 
for Optimum 
Optocoupler Current 
Drive 

•Precision Reference 
and Error Amplifier 
Inputs Externally 
Available 

•2.2V to 36V 
Operating Supply 
Voltage and User 
Programmable 
Reference 

•2.5V Precision 
Reference with 

0.4% Accuracy 

•Low ImV Offset 

Error Amplifier 

•2X Inverting 

Amplifier / Buffer 
Output 

•Drivers Optocoupler 
Diode for Isolated 
Applications 

Application / Design Note 

DN-19, DN-33, U-94 


DN-52 

U-165 

Pin Count ♦> 

14,16 

8 

8 

8 

Page Number 

PS/7-21 

PS/7-50 

PS/7-56 

PS/7-60 


*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Power Supply Support (cont.) 


Load Share Controllers 

UNITRODE PART NUMBER 

UC3902 UC3907 

Description 

8-Pin Load Share Controller 

Load Share Controller 


Application 

Allows Multiple Independent 
Power Supplies to be 
Paralleled so that Each Unit 
Supplies Only its Proportional 
Share of Total Load Current 

Allows Multiple Independent 
Power Supplies to be 
Paralleled so that Each Unit 
Supplies Only its Proportional 
Share of Total Load Current 


Key Features 

•Highly Tolerant of Voltage 
Differences Between Power 
Supply Return 

•2.7V to 20V Operation 

•High Gain, Low Offset 

Current Sense Amplifier 
Permits Low Shunt Resistor 
Values 

•Single Capacitor Sets Load 
Share Filter Response 

•Fully Differential High 
Impedance Voltage Sensing 

•Accurate Current Amplifier 
for Precise Load Sharing 

•Optocoupler Driving 
Capability 

•4.5V to 35 V Operation 


Application / Design Note 

U-129, U-163 

U-129, U-163 


Pin Count ♦> 

8 

16 


Page Number 

PS/7-27 

PS/7-44 



Schottky Diode 

UNITRODE PART NUMBER 

Array / Bridges 

UC3610 

UC3611 

UC3612 

Description 

Dual Schottky Diode Bridge 

Quad Schottky Diode Array 

Dual Schottky Diode 

Application 

Eight-diode Array for High 
Current, Low Duty Cycle 
Flyback Voltage Clamping for 
Inductive Loads 

Four-diode Array for High 
Current Bridges and Voltage 
Clamps 

Two-diode Array for High 
Current, Low Duty Cycle 
Flyback Voltage Clamping for 
Inductive Loads 

Key Features 

•Monolithic Eight-diode Array 
•High Peak Current 
•Low Forward Voltage 
•Fast Recovery Time 

•Matched, Four-diode 
Monolithic Array 

•High Peak Current 

• Low Forward Voltage 

• Parallelable for Higher 
Current or Lower Voltage 
Drop 

•Monolithic Two-diode Array 
•High Peak Current 
•Low Forward Voltage 
•Fast Recovery Time 

Application / Design Note 



DN-48 

Pin Count ♦> 

8,16 

8, 16 

8 

Page Number 

PS/7-10 

PS/7-12 

PS/7-15 


❖ The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 


10-71 





Power Supply Control (PS) Selection Guides 


y 


Power Supply Support (cont.) 


Supervisory and 


UNITRODE PART NUMBER 


Monitor Circuits 

UC3543 

UC3544 

UC3730 

UC3903 

UC3904 

Power Supply Monitor 

Single 

Single 


Quad 

Quad 

Temperature Monitor 



Y 



Description 

Power Supply 
Supervisory with 
0 V, UV and 
Current Sensing 

Power Supply 
Supervisory with 
OV, UV and 
Current Sensing 

Combines a 
Temperature 
Transducer, 
Precision 
Reference, and 
Temperature 
Comparator for 
Maximum System 
Flexibility 

Quad Supply and 
Line Monitor 

Quad Supply and 
Line Monitor 

Voltage Clamp 






Voltage Range 

5V to 35V 

5 V to 35V 


8V to 40V 

4.75V to 18V 

Window Adjust 

N 

N 


Y 

Y 

Current Range 






Current Limit 

Y 

Y 


N 

N 

Programmable Threshold 

Y 

Y 


Y 

Y 

Programmable Time Delay 

Y 

Y 


Y 

Y 

Special Features 


Uncommitted 

OV Inputs 




Application / Design Note 




DN-33 


Pin Count ❖ 

16 

18 

5, 8, 20 

18 

18 

Page Number 

PS/7-5 

PS/7-5 

PS/7-17 

PS/7-32 

PS/7-39 


Supervisory and 

Monitor Circuits 

UNITRODE PART NUMBER 

UCC3946 

Description 

Microprocessor Supervisor 
with Watchdog Timer 



Application 

Accurate Microprocessor 
Supervision 



Key Features 

•Programmable Reset Period 

•Programmable Watchdog 
Period 

• 1 .5% Accurate Threshold 

•4mA IDD 



Pin Count ❖ 

8 



Page Number 

PP/7-88 




All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted. 
*>The smallest available pin count for thru-hole and surface mount packages. 

+ New Product 
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Motion Control 

Brushless Motor Products 10-73 

DC Motor Controllers 10-73 

Linear Power Amplifier Products 10-74 

Phase Locked Frequency Controllers 10-74 

Stepper Motor Controllers 10-75 


Motion Control 


Brushless 


UNITRODE PART NUMBER 

Motor Products 

UC3625 

UCC3626+ 

Mall Logic 

Y 

Y 




Tachometer 

Y 

Y 




Output Current per Output 

0.1A 

0.01A 




Operating Voltage 

10V -18V 

11V - 15V 




Differential Current Sense Amplifier 

Y 

Y 




Current Limit 

Y 





Application / Design Note 

DN-50, U-115, 
U-120, U-130 

U-120 




Pin Count* 

28 

28 




Page Number 

PS/8-37 

PS/8-50 





DC Motor Controllers 

UC3637 

UNITRODE PART NUMBER 

UC3638 

Output Clamp Diodes 






Output Current per Output 

0.1A 

0.1A/0.05A 




Operating Voltage 

5V-36V 

10V -36 V 




Differential Current Sense Amplifier 


Y 




Thermal Shutdown 






Current Limit 

Y 

Y 




Application / Design Note 

DN-53A, U-102, 
U-112, U-120 

DN-76, U-120 




Pin Count ♦> 

18, 20 

20 




Page Number 

PS/8-78 

PS/8-84 





*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Motion Control (cont.) 


Linear Power 

Amplifier Products 

UC3173A 

UNITRODE PART NUMBER 

UC3175B UC3176 UC3177 

UC3178 

Output Clamp Diodes 

Y 

Y 

Y 

Y 

Y 

Output Current per Output 

0.55A 

0.8A 

2A 

2A 

0.45A 

Operating Voltage 

4V-15V 

4V-15V 

3V - 35V 

3V - 35V 

3V-15V 

Differential Current Sense Amplifier 

Y 

Y 

Y 

Y 

Y 

Thermal Shutdown 

Y 

Y 

Y 

Y 

Y 

Current Limit 

Y 

Y 

Y 

Y 

Y 

Four Quadrant 

Y 

Y 

Y 

Y 

Y 

Number of Outputs 

2 

2 

2 

2 

2 

BW 

2MHz 

2MHz 

1MHz 

1MHz 

2MHz 

Special Features 



B+ Input Pin 

Supply OK Pin 


Pin Count ♦> 

24 

24 

28 

28 

28 

Page Number 

PS/8-5 

PS/8-16 

PS/8-21 

PS/8-21 

PS/8-25 


Phase Locked 

Frequency Controllers 

UC3633 

UNITRODE PART NUMBER 

UC3634 UC3635 

Internal Oscillator 

Y 

Y 

Y 



Divider Output Provided 



Y 



External Phase Detector Inputs 



Y 



2 Phase Drive Logic 


Y 

Y 



Divide Logic Select 

4/5 & 2/4/8 

2/4/8 

2/4 

. 


Operating Voltage 

8V-15V 

8V-15V 

8 V - 15V 



Maximum Frequency 

10MHz 

10MHz 

10MHz 



Application / Design Note 

U-113 

U-113 

U-113 



Pin Count ❖ 

16, 20 

16, 20 

16 



Page Number 

PS/8-63 

PS/8-70 

PS/8-74 




*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Motion Control (cont.) 


Stepper Motor Controllers 

UC3517 

UNITRODE PART NUMBER 

UC3717 UC3717A UC3770A 

UC3770B 

Output Clamp Diodes 


Y 

Y 

Lower 

Lower 

Output Current per Output 

0.35A 

0.8A 

1A 

1.3A 

1.3A 

Operating Voltage 

10V -40V 

10V -45V 

10V -46 V 

10V -50V 

10V -50V 

Differential Current Sense Amplifier 






Thermal Shutdown 


Y 

Y 

Y 

Y 

Current Limit 


Y 

Y 

Y 

Y 

Current Sense Thresholds 


! 



Tailored for half 
stepping 
applications 

Application / Design Note 


U-99 

U-99 



Pin Count ♦> 

16 16,20 

16, 20 

16, 28 

16, 28 

Page Number 

PS/8-30 PS/8-92 

PS/8-100 

PS/8-108 

PS/8-108 


<*The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Special Functions 

Current Sensors . . . . .10-76 

Lighting Controllers 1 0-76 

Ring Generator Controllers 10-77 

Sensor Drivers 10-78 

Serial DACs 1 0-78 


Special Functions 


Current Sensors 

UCC3926 

UNITRODE PART NUMBER 

Application 

Current Sensing 





Maximum Current 

±20A 





Application / Design Note 

DN-91 





Pin Count ♦> 

16 





Page Number 

PS/9-43 






Lighting Controllers 

UCC3305* 

UNITRODE PART NUMBER 

Application 

Constant Power 
HID Lamp 
Controller 





Topology 

Boost, Flyback 





Outputs 

3 - Single and 
Dual Alternating, 
Totem Pole 





Reference Tolerance 

2% 





Open Lamp Detect 

Y 





Soft Start 

Y 





External Synchronization 

Y 





Shutdown Current 

N/A 





Maximum Frequency 

500kHz 





Lamp Intensity Control 

Y 





Application / Design Note 

DN-72, U-161 





Pin Count ❖ 

28 





Page Number 

PS/9-5 






*>The smallest available pin count for thru-hole and surface mount packages. 
•i* Does Not Feature UVLO. 

+ New Product 
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Special Functions (cont.) 


Ring Generator Controllers 

UNITRODE PART NUMBER 

UCC3750 UCC3751+ UCC3752+ 

Description 

Source Ringer Controller 

Single Line Ring Generator 
Controller 

Mulit-Line Ring Generator 
Controller 

Application 

4 Quadrant Flyback Controller 
Develops High Voltage AC 
Output 

Controls Low Cost Circuit for 
Generating High Voltage AC 
Output with DC Offset 

Controls Low Cost Circuit for 
Generating High Voltage AC 
Output with DC Offset 

Key Features 

•On Chip Low THD Sinewave 
Reference, Pin Selectable 
20Hz, 25Hz, and 50Hz 

•Programmable Output 
Amplitude and DC Offset 

•AC and DC Current Limiting 
With Short Circuit Protection 

•Off-hook Detection With 
Automatic Transition to DC 
Operation 

•Pin Selectable 20Hz, 25Hz, 
and 50Hz Output Frequency 

•Operates From a Single 12V 
Supply 

•AC Current Limiting and 

Short Circuit Protection 

•Off-hook Detection and 
Indication 

•Pin Selectable 20Hz, 25Hz, 
and 50Hz Output Frequency 

•Operates From a Single 12V 
Supply 

•AC Current Limiting and 

Short Circuit Protection 

Application / Design Note 

DN-79, U-169 



Pin Count ♦> 

28 

16 

16 

Page Number 

PS/9-22 

PS/9-32 

PS/9-38 


*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Special Functions (cont.) 


Sensor Drivers 

UC37131+ 

UNITRODE PART NUMBER 

UC37132+ UC37133+ 

Part Name 

Smart Power 
Switch 

Smart Power 
Switch 

Smart Power 
Switch 



Description 

65V Universal 
Low Side Driver 
with Current 
Limiting 

65 V Universal 
High or Low Side 
Driver with 
Current Limiting 

65V Universal 
High Side Driver 
with Current 
Limiting 



Pin Count ♦> 

8 

14, 16 

8 



Page Number 

PS/9-13 

PS/9-13 

PS/9-13 




Serial DACs 

UNITRODE PART NUMBER 

UCC5950 

Part Name 

Digital to Analog Converter 



Description 

10-Bit BiCMOS Digital to 
Analog Converter for Servo 
and Instrumentation Systems 



Pin Count ♦> 

8 



Page Number 

PS/9-48 




*>The smallest available pin count for thru-hole and surface mount packages. 
+ New Product 
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Unitrode's standard packages for portable power products are described in the following tables. 


Package 

Type 

Description 

No. 

Pins 

Device 

DP 

SOIC 

Narrow, 

0.150” 

8 

UCC381 

UCC384 

UCC386/7/8 

16 

UCC3911 

UCC3952 

UCC3958 

J 

Ceramic DIP, 
Glass Seal 

8 

UCC3941 
UCC3941 1/2/3 
UCC3946 
UCC3972 

16 

UC3906 

18 

UC3871 

20 

UC3909 

UCC3956 

L 

Ceramic LCC 

20 

UC3906 

28 

UC3909 

PN 

(N) 

Plastic DIP, 
0.300" 

8 

bq2000/T 

bq2002/C/D/E/F/G/T 

bq2056/T/V 

bq2902 

UCC3941 
UCC3941 1/2/3 
UCC3946 
UCC3954 
UCC3972 
UCC5341 

14 

bq2903 

UC3872 

UCC5342 

16 

bq2003 

bq2004/E/H 

bq2031 

bq2054 

bq2954 

UC3906 

UCC39421/2 

UCC5343 

18 

UC3871 

20 

bq2005 

UC3909 

UCC3956 

UCC39401 

UCC39421/2 

24 

bq2007 

Q 

Quad 

PLCC 

20 

UC3871 

UC3872 

UC3906 

28 

UC3909 

S 

(DW) 

SOIC 

0.300” 

16 

bq2003 

UC3872 

UC3906 

18 

UC3871 

20 

bq2005 

UC3909 

UCC3956 

24 

bq2007 


Package 

Type 

Description 

No. 

Pins 

Device 



8 

bq2000/T 

bq2002/C/D/E/F/G/T 
bq2018 
bq2056/T N 
bq2902 

UCC3941 
UCC3941 1/2/3 
UCC3946 
UCC3954 
UCC3972 
UCC5341 



14 

bq2903 

UCC5342 

SN 

(D) 

SOIC 

Narrow, 

0.150" 

16 

bq2004/E/H 
bq2010 
bq201 1/J/K 
bq2012 
bq2013H 
bq2014/H 
bq2031 
bq2040 
bq2050/H 
bq2052 
bq2054 
bq2058/T 
bq2092 
bq2945 
bq2954 
UCC5343 

SS 

(M) 

SSOP/QSOP, 

0.150" 

16 

UC3872 

UCC3957 

UCC5342 

UCC5343 



28 

bq2060 


TO-220 

3 

UCC383 

T 

5 

UCC383 

TD 

TO-263, 
Power SMT 

3 

UCC383 

5 

UCC383 



8 

bq2000/T 
bq2018 
UCC386/7/8 
UCC3941 1/2/3 
UCC3946 
UCC3972 

TS 

(PW) 

TSSOP 

0.172” 

14 

UCC3954 

16 

UCC39421/2 

UCC3952 



20 

UCC39401 

UCC39421/2 



24 

UCC3958 
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Packaging Information 

The following are Unitrode’s recommended profiles and limits for plastic package surface-mounting and 
de-soldering methods. To achieve and maintain the recommended conditions near the plastic package, 
time/temperature profiles of the surface-mount processing equipment may differ from those below, depending 
on board density, oven mass, exhaust rate, and other factors. 

Unitrode uses a solder reflow pre-conditioning process with a 220°C peak temperature to determine mois- 
ture-sensitivity ratings for plastic packaged components. The profiles shown are used with Unitrode’s mois- 
ture-sensitivity ratings of the plastic packaged surface-mount components. Published moisture-sensitivity rat- 
ings may not apply when a process with a more extreme peak temperature (such as wave solder) is used. If 
the temperatures or rates of temperature increase exceed those noted for IR reflow, then we recommend that 
the packaged component be either baked before surface-mount assembly or handled in consistence with the 
next lower moisture-sensitivity rating. (For example, handle a Level-2 rated part as Level 3.) For baking condi- 
tions and/or definitions of moisture-sensitivity level ratings, consult JEDEC J-STD-020A and J-STD-033. 

For more than one soldering pass (e.g., on boards with components on top and bottom), time between the 
two soldering processes must be between 5 minutes and 48 hours. Between passes, if the environmental 
conditions of the plastic packaged component exceed 30°C/60% RH, then the component must be baked be- 
fore the second pass. 

Wave Solder (Temperatures unless otherwise noted apply to the top-side of the component body.) 

• Maximum rate of increase for pre-heat 6°C/s 

• Pre-heat temperature range 1 00-1 50°C 

• Total pre-heat time 60-1 20 seconds 

• Maximum rate of increase to maximum solder temperature 3°C/s 

• Solder temperature of first (turbulent) wave < 250°C (4 seconds maximum) 

• Solder temperature of second (broad) wave < 240°C (10 seconds maximum, 2°C/s maximum rate of 
cooling from first wave) 

• Maximum cooling to room temperature 4°C/s maximum 

• Total time over 1 83°C < 90s 

• Difference between the maximum pre-heat and maximum soldering temperatures < 100°C 

• Maximum time from 25°C to peak temperature 6 minutes 

• Minimum 5-minute cool-down time between cycles 

NOTE: We STRONGLY RECOMMEND that the component’s plastic body not contact the solder wave or bath 
during assembly. Contact can be prevented by shielding. If contact occurs, then do the following: 

• Pre-bake parts within 4 hours before board-mount assembly (24 hours at 1 25°C or 1 92 hours at 40°C). 

• Limit all rates of temperature change to 2.5°C/s. 

• Limit total time over 1 83°C to less than 45s. 
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IR Reflow or Convection Reflow (Temperatures unless otherwise noted apply to the top-side of the compo- 
nent body.) 

• Maximum rate of increase for pre-heat 6°C/s 

• Pre-heat temperature range 1 00-1 50°C 

• Total pre-heat time 60-1 20s 

• Maximum rate of increase to maximum solder temperature 3°C/s 

• Maximum reflow temperature < 240°C (20s maximum with 5°C of peak temperature) 

• Maximum rate of decrease to room temperature 6°C/s 

• Maximum time over210°C< 40s 

• Maximum total time over 1 83°C < 1 50s 

• Difference between the maximum pre-heat and maximum soldering temperatures < 100°C 

• Maximum time from 25°C to peak temperature 6 minutes 

• Minimum 5-minute cool-down time between cycles 

Vapor Phase Reflow (Temperatures unless otherwise noted apply to the top-side of the component body.) 

• Maximum rate of increase for pre-heat 6°C/s 

• Pre-heat temperature range 1 00-1 50°C 

• Total pre-heat time 60-1 20s 

• Maximum rate of increase to maximum solder temperature 1 0°C/s 

• Maximum reflow temperature < 21 9°C (60s maximum with 5°C of peak temperature) 

• Maximum rate of decrease to room temperature 1 0°C/s 

• Maximum time over 183°C < 80s 

• Difference between the maximum pre-heat and maximum soldering temperatures < 1 00°C 

• Minimum 5-minute cool-down time between cycles 

Rework (Temperatures unless otherwise noted apply to the top-side of the component body) 

To preserve the integrity of the plastic packaged component (for further analysis), we suggest the following 
steps to minimize damage from component removal: 

• Always keep the package body temperature below 200°C. 

• Bake out moisture in packages rated JEDEC Level 2-6 or in packages exposed to uncontrolled ambient 
conditions since being assembled. 

• For hand de-soldering (i.e., with a soldering iron), do not allow maximum temperature at the leads to ex- 
ceed 300°C for more than 5s. 

For forced-hot-air de-soldering, the following limits apply: 

• Limit the rate of temperature increase to 25°C/s between ambient and 1 00°C. 

• Limit the rate of temperature increase to 4°C/s maximum from 1 00°C to de-soldering temperature. 

• Limit maximum de-soldering temperature at leads to less than 240°C (10s maximum). 

• Carefully minimize the cooling rate after removing the part from the printed circuit board. 
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Introduction 

All operating circuit components dissipate power, causing their temperature to rise. Unitrode integrated cir- 
cuits are designed to operate in a considerable range of temperatures, but there are limits. This note sug- 
gests ways to ensure that specified temperature limits for each part are not exceeded. 

Junction Temperature (Tj) 

For reliability and long-term operating life of the device, the system designer must manage the power dissi- 
pated by the device in the system so junction temperature (Tj) not only does not exceed specified limits, but 
also is kept as low as possible. This temperature control is necessary, because higher junction temperatures 
adversely affect the operating life of the device. 


Power Dissipation (Pd) and Thermal Resistance (q) 

With power off, all components of a given circuit approach (and in time reach) ambient temperature. With the 
power on, the components are warmed by their internal power dissipation until a new equilibrium is reached. 
Some electrical power is dissipated as heat by an integrated circuit (Pd) during operation, raising the junction 
temperature. The effectiveness of the 1C package and the system in dissipating this heat is “thermal resis- 
tance” (6), a term analogous to electrical resistance in the sense that the materials of the 1C, package, and 
system restrict the flow of heat from the higher junction temperature (Tj) to the lower ambient temperature of 
the system (Ta). Understanding the thermal resistance characteristics of the package and system facilitates 
management of the device junction temperature within desired limits. 


The rate of heat flow depends on the temperature difference (DT) between the two endpoints (Tj and Ta), and 
also on the thermal resistance, 0, of the package and system. Heat is a form of energy, and if we choose the 
joule as the measuring unit we can specify the rate of heat flow in units of joules per second. Therefore, 


Pd [joules per second ] = 


AT 

e 


and since one joule per second is the same as a watt (W), we have 


e =— (°c/w) 

Pd v ' 

Thermal resistance is typically expressed in terms of resistance from junction-to-ambient (0ja), which incorpo- 
rates not only the internal resistance of the 1C package, but also the resistance of the system as well. 0ja can 
be broken down into the sum of these two different thermal resistances, from junction-to-case, 0jc (or in the 
case of power surface-mount packages, junction-to-lead, 0jl), and case-to-ambient, 0ca. Therefore, 


Qja = 


Tj-Ta 

Pd 


= Qjc + Qca 


Variables Which Affect 0ja 

The thermal resistance of the package is a function of many variables, such as the leadframe material and 
design configuration, the plastic encapsulant material, the silicon die area, the die attach material, and others. 
However, as previously indicated, the effectiveness of the system in removing heat from the package also has 
a significant impact on 0ja. These variables include the material and configuration of the circuit board on 
which the package is mounted, the type of cooling used (i.e., conduction or convection), the size of the traces 
on the circuit board, the use of heatsinks, etc. It is essential that the system designer understand these vari- 
ables and how they affect 0ja. 
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Unitrode Test Procedures 

Table 1 shows thermal resistance values for Unitrode 1C packages. Thermal resistance junction-to-case (0jc) 
is measured by mounting the device to an essentially infinite heat sink. Power leadframe surface-mount pack- 
ages and the batwing DIP conduct most of the dissipated power through their leads rather than through the 
case. For these noted packages, the specified thermal resistance is junction-to-lead (6jl). 


Junction-to-ambient (0ja) thermal resistance is measured on a 5.0-square-inch printed circuit board in 1 cubic 
foot of still air. For through-hole packages, single-side FR-4 boards with 1 -ounce copper traces are used. 
(See Figure 1 .) However, since surface-mount devices, including those without power leadframes, conduct a 
significant amount of heat through their leads to the pc-board, various types of surface-mount boards are 
measured. (See Figure 2.) To indicate the effect of the pc-board on 0ja, a range of values is given. The lower 
value is for a device mounted on a 5.0-square-inch, 0.062 inch thick aluminum pc-board. The highest value is 
for a device mounted on a 5.0-square-inch single-sided pc-board. These values are intended to give the sys- 
tem designer an indication of the best and worst case conditions. Some interpolation may be needed based 
on an individual application to arrive at an accurate estimate of the actual 0ja. 


To determine the device 0ja, a measurement of the device junc- 
tion temperature is made under the above conditions using a tech- 
nique called the “temperature-sensitive parameter” method. This 
technique involves measuring the voltage drop of calibrated com- 
ponent, typically a diode, which then allows calculation of the de- 
vice junction temperature. Since Pd, Tj, and Ta are known, 0ja can 
be determined. For the case of power leadframe surface-mount 
packages, 0jl is determined by measuring the temperature of the 
pc-board at the device leads and then using this temperature in 
place of the ambient temperature in the calculation. For a more 
detailed discussion on surface-mount packages, refer to “Thermal 
Characteristics of Surface-Mount Packages,” found later in this 
section. 

Example 

Estimate the junction temperature of a UC5601DWP 18-Line 
SCSI Active Terminator on a 4-layer 0.062 inch thick multilayer 
pc-board at 1.0 watt power dissipation in a still-air environment at 
30°C. 



Figure 1. Typical through -hole pc-board 
design . 


1. Determine 0/a. Table 1 shows that the the DWP package is a 
power leadframe surface-mount device, so the use of thermal resis- 
tance junction-to-lead (qjl) is appropriate. For the DWP package, qjl 
= 16°C/W. From Figure 8 in 'Thermal Characteristics of Sur- 
face-Mount Packages," thermal resistance board-to-ambient (0ba) 
= 1 9°C/W. We know that for a power leadframe surface-mount 
package, 0ja = 0jl + 0ba, so, 0ja = 1 6 °C/W + 1 9°C/W = 35°C/W. 

2. Calculate the junction temperature , Tj. 

Tj = (Pd x Oja) + Ta 

Tj = (1 .0 W x 35°C/W) + 30°C 
Tj = 65°C 

This is well below the maximum rated junction temperature of 
150°C listed in the Absolute Maximum Ratings section of the 
UC5601 product data sheet, so the thermal dissipation is satisfac- 
tory. 



Figure 2. Typical surface-mount 
pc-board design for power leadframe 
SOIC packages. 
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System Design Considerations 

Through-hole devices such as dual in-line packages (DIPs) can be cooled by forcing airflow over the device in 
order to improve the convection cooling performance, or by conduction cooling of the package case to a heat 
sink such as the system chassis or cold-wall. Plastic DIPs are not particularly well suited to either of these 
techniques since the plastic encapsulant is a relatively poor thermal conductor. However, Unitrode offers sev- 
eral through-hole packages which have been optimized for conduction cooling techniques, namely the 
batwing DIP, the SP power ceramic DIP and the power leadframe Zig-Zag (ZIP) package. All of these pack- 
ages provide low thermal resistance paths from the junction to the pc-board. Refer to Table 1 for the applica- 
ble ratings. 

Surface-mount packages are well suited to conduction cooling since, as previously indicated, the package 
leads conduct a significant amount of heat to the pc-board. The pc-board itself can be utilized effectively as a 
heat sink when designed properly. For example, as seen in the discussion “Thermal Characteristics of Sur- 
face Mount Packages,” when a power leadframe package is mounted on a multi-layer pc-board such that the 
heat-sink leads are thermally coupled to a ground plane in the board, or an area of copper fan-out on the 
board, then the overall thermal resistance is considerably lower than on a single-sided board with no 
heat-sinking. Additionally, Unitrode offers a power ceramic leadless chip carrier with a metallized thermal grid 
on the package case, which can be soldered directly to the board, thus greatly reducing its overall thermal re- 
sistance. 

In general, the system designer should attempt to use larger traces on the pc-board where possible in order 
to spread the heat away from the device more effectively. Also, one should avoid grouping higher power de- 
vices tightly together on the board. A better approach would be to spread out the higher power devices to the 
cooler areas of the board. The choice of pc-board material will greatly affect the overall thermal performance 
of the system as well, although there are many factors involved when selecting the board material, such as 
cost, mechanical properties and environmental requirements. 

Summary 

Thermal management has been shown to be an essential factor in the reliable use of Unitrode integrated cir- 
cuits. Thermal characteristics of Unitrode packages have been provided to the system designer in order to 
ensure that the system design effectively dissipates the power generated by the integrated circuit during op- 
eration. 
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Package Thermal Resistance Data 
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Package 

Lead 

Count 

Unitrode 

Package 

Code 

Body Size 
(mils unless 
noted) 

Die Paddle or 
Cavity Size (mils) 

Die Size Tested 
(mils) ( 16 ) 

Ceramic DIP 

8 

J 

390x288x140 

150x200 

N/A 

14 

760x248x140 

110x140 

N/A 

16 

760x288x140 

160x250 

N/A 

18 

890x288x140 

160x250 

N/A 

20 

950x288x140 

160x250 

N/A 

24 

1250x520x170 

250x250 

N/A 

28 

1450x520x165 

250x250 

N/A 

Ceramic LCC 

20 

L 

350x350x80 

194x194 

N/A 

28 


450x450x80 

250x250 

N/A 

Ceramic LCC Power 

28 

LP 

450x450x80 

250x250 

N/A 

LQFP 

48 

FQ 

7x7x1 .4 mm 

200x200x5 

100x100x12 

64 


10x10x1.4 mm 

260x260x5 

100x100x12 

100 


14x14x1.4 mm 

276x276x5 

100x100x12 

LQFP Power 

48 

FQP 

7x7x1 .4 mm 

185x185x5 

100x100x12 

48 


7x7x1 .4 mm 

190x190x5 

100x100x12 

MSOP 

8 

P 

3x3x0.86 mm 

68x94x6 

50x50x8 

10 


3x3x0.86 mm 

68x98x6 

50x50x8 

PDIP 

8 

N 

360x253x137 

140x150x10 

N/A 

14 


760x253x137 

110x140x10 

N/A 

16 


760x253x13 7 

140x170x10 

N/A 

18 


905x253x137 

160x250x10 

N/A 

20 


1020x253x137 

150x190x10 

N/A 

24 


1250x525x137 

180x220x10 

N/A 

28 


1425x525x137 

200x200x10 

N/A 

PDIP Power 

16 

NP 

760x253x137 

160X170X10 

N/A 

PLCC 

20 

Q 

350x350x155 

180x180x10 

N/A 

28 


450x450x155 

230x230x10 

N/A 

44 


650x650x155 

230x230x10 

N/A 

PLCC Power 

28 

QP 

450x450x155 

200x200x10 

N/A 

44 

650x650x155 

300x300x10 

N/A 


* = Estimated N/A = Not Available 

** = Modeled Data. If value range given for 9ja, lower value is for 3x3 in. 1 oz. internal copper gnd plane, higher value 
is for 1x1 in. gnd plane. All model data assumes only one trace for each non-fused lead. 
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0ja (°C/W) 
(6)(1 5) 


0jc (°C/W) 
(15) 


Comments 



28-50 (3) 
24-38 (3) 


Leads 12,13,14,15,16,17 and 1 8 are fused to the die attach paddle. Single layer board 
used 1 .2 in 2 of 1 oz copper on top of PWB for heatsinking to fused leads. 

Leads 6,7,17,29,39 and 40 are fused to the die attach paddle. Single layer board used 
1.1 in 2 of 1 oz copper on top of PWB for heatsinking to fused leads. 
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Package Thermal Resistance Data 




Package 

Lead 

Count 

Unitrode 

Package 

Code 

Body Size 
(mils unless 
noted) 

Die Paddle or 
Cavity Size (mils) 

Die Size Tested 
(mils) ( 16 ) 

QSOP 

16 

M 

193x154x59 

96x1 30x8 

50x50x12 


340x154x59 

96x140x8 

50x50x12 

28 

389x154x59 

96x1 50x8 

50x50x12 

QSOP Wide Body Power 

36 

MWP 

606x295x92 

180x240x10 

100x100x15 

100x100x12** 

44 


704x295x92 

190x260x10 

100x100x15 

100x100x12** 

SOIC Narrow Body 

8 

D 

192x154x54 

95x152x8 

N/A 

14 


340x154x54 

83x142x8 

N/A 

16 


390x154x54 

90x150x8 

N/A 

SOIC Narrow Power 

8 

DP 

192x154x54 

95x150x8 

N/A 

16 

390x154x54 

95x1 65x8 

N/A 

SOIC Wide Body 

16 

DW 

408x296x94 

165x205x10 

N/A 

18 

458x296x94 

145x190x10 

100x100x12 

20 

508x296x94 

165x205x10 

N/A 

24 

602x296x94 

165x205x10 

100x100x12 

28 

705x296x94 

165x205x10 

100x100x12 

SOIC Wide Body Power 

28 

DWP 

705x296x94 

156x205x10 

N/A 

TO220 

3 

T, TH, TV 

400x592x165 

180x180x18 

N/A 

5 

400x605x165 

180x180x18 

N/A 

T0263 

3 

TD 

395x415x175 

240x180x23 

N/A 

5 

395x415x175 

240x180x23 

N/A 

TSSOP 

8 

PW 

118x174x35 

126x87x5 

50x50x10 

14 

197x174x35 

118x150x5 

100x100x10 

16 

197x174x35 

118x154x5 

100x100x10 

20 

255x174x35 

118x165x5 

100x100x10 

24 

307x174x35 

118x217x5 

100x100x10 

28 

382x174x35 

118x217x5 

100x100x10 

TSSOP Power 

24 

PWP 

307x174x35 

118x217x5 

100x100x10 

28 

382x174x35 

118x250x5 

100x100x10 

28 

382x174x35 

118x250x5 

100x100x10 


* = Estimated N/A = Not Available 

** = Modeled Data. If value range given for 0 ja, lower value is for 3x3 in. 1 oz internal copper gnd plane, higher value is for 1x1 in. gnd 
plane. All model data assumes only one trace for each non-fused lead. 
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Package Thermal Resistance Data 


y-i 


Oja (°C/W) 
(6)(15) 

6jc (°C/W) 
(15) 

Comments 

144-172** 

38** 

Modeled using .3 mm trace widths. 

116-138** 

36** 

Modeled using .3 mm trace widths. 

96-118** 

33** 

Modeled usinq .3 mm trace widths. 

31 (11) 

36-52** 

8** 

Leads 8,9,10,26,27 and 28 are fused to the die attach paddle. Modeled with 2 thermal 
vias to gnd plane per fused lead and .5 mm trace width. 

29 (12) 

32-46** 

■y** 

Leads 10,11,12,13,32,33,34 and 35 are fused to the die attach paddle. Modeled with 2 
thermal vias to qnd plane per fused lead and .5 mm trace width. 

84-160(3) 

42 


50-120(3) 

35 


50-120 (3) 

35 


40-70 (3) 

22 (2) 

Leads 2,3,6 and 7 are fused to the die attach paddle. 

36-58 (3) 

20 (2) 

Leads 4,5,12 and 13 are fused to the die attach paddle. Single layer board used .68 in 2 
of 1 oz copper on top of PWB for heatsinkinq to fused leads. 

50-100 (3) 

27 


89-102** 

26** 

Modeled using .3 mm trace widths. 

45-95 (3) 

25 


71-83** 

24** 

Modeled using .3 mm trace widths. 

65-76** 

21** 

Modeled usinq .3 mm trace widths. 

30-50 (3) 

16(2) 

Leads 7,8,9,20,21 and 22 are fused to the die attach paddle. . Single layer board used 
0.165 in 2 of 1 oz copper on top of PWB for heatsinkinq to fused leads. 

83* 

3* 


65-75* 

3* 


50-87* 

3 


65-75* 

3 


232-257** 

32** 

Modeled using .3 mm trace widths. 

132-158** 

15** 

Modeled using .3 mm trace widths. 

123-147** 

15** 

Modeled using .3 mm trace widths. 

102-125** 

14** 

Modeled using .3 mm trace widths. 

150(3) 

88-109** 

13** 

Modeled using .3 mm trace widths. 

77-96** 

13** 

Modeled usinq .3 mm trace widths. 

30-70 (3) 

63-87** 

20(2) 9** 

Leads 5,6,7,8,17,18,19 and 20 are fused to the die attach paddle. Empirical tests used 

1.1 in 2 of 1 oz top copper on top of PWB for heatsinking to fused leads. Modeled with 2 
thermal vias to gnd plane per fused lead and .3 mm trace width. 

33 (13) 

61-80** 

20 (2) 

11** 

Leads 8 and 21 are fused to the die attach paddle. Modeled with 2 thermal vias to gnd 
plane per fused lead gnd plane and .3 mm trace width. 

30-70 (3) 

57-79** 

20(2) 9** 

Leads 7,8,9,20,21 and 22 are fused to the die attach paddle. Modeled with 2 thermal 
vias to gnd plane per fused lead and .3 mm trace width. 
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Data Book numbers for thermal resistance are for reference in making relative package-to-package perfor- 
mance comparisons and are not a statement of absolute performance in a system application. 

Notes: 

1. All data assume testing with the long side of the die coinciding with the long side of the die attach- 
mounting area. 

2. Specified thermal resistance is jl (junction to lead) where noted. 

3. Specified 0ja (junction to ambient) is for devices mounted to 5-in 2 FR4 PC board with one-ounce copper 
where noted. When the resistance range is given, lower values are for 5-square-inch aluminum PC 
board. Test PWB was .062 inches thick and typically used 0.635 mm trace-widths for power packages 
and 1.3 mm trace-widths for non-power packages, with a 100 x 100-mil probe land area at the end of 
each trace. See “Thermal Characteristics of Surface Mount Packages,” by John O’Connor. 

4. Lower value is for 5-in 2 multilayer PC board. The multilayer PWB was 0.062 inches thick and typically 
used 0.635 mm trace-widths for power packages, 1 .3 mm trace-widths for non-power packages, with a 
100 x 100-mil probe land area at the end of each trace. The backside of the PWB used 1 .0 mm traces in 
the X and Y directions to simulate 20% coverage by multilayer traces. Thermal vias were not used to 
connect fused leads to backside traces. (See “Thermal Characteristics of Surface Mount Packages,” by 
John O’Connor.) 

5. Lower value is with a finned heat-sink. 

6. 0ja tests were performed in still air. 0ja results will vary depending on test conditions and setup. Airflow 
can lower the 0ja value stated by 15-30%, depending on air speed, package type, and PWB configura- 
tion. 

7. Modeled with no internal ground-plane. Lower value is for 0.5 mm trace-widths, higher value for 0.3 mm 
trace-widths. 

8. 0jc data values stated were derived from MIL-STD-1835B. MIL-STD-1835B states, “The baseline values 
shown are worst case (mean + 2s) for a 60 x 60-mil microcircuit device silicon die and applicable for de- 
vices with die sizes up to 14400 square mils. For device die sizes greater than14400 square mils use the 
following values: dual-in-line, 1 1 °CA/V; flat pack, 10°C/\N; pin grid array, 10°C/W\ 

9. Tested on multilayer 3 x 4.5 x .062-inch PWB with 2 1-oz copper internal planes, 10-mil trace-widths and 
2.43 in 2 of 1-oz copper on top of PWB for heat-sinking to fused leads. Thermal vias were not used to 
connect fused leads to inner copper planes. 

10. Tested on multilayer 3 x 4.5 x .062-inch PWB with 2 1 -oz copper internal planes, 10-mil trace-widths and 
1.53 in 2 of 1-oz copper on top of PWB for heat-sinking to fused leads. Thermal vias were not used to 
connect fused leads to inner copper planes. 

1 1 . Tested on multilayer 3 x 4.5 x .062-inch PWB with 2 1 -oz copper internal planes, 10-mil trace-widths and 
2.28 in 2 of 1-oz copper on top of PWB for heat-sinking to fused leads. Thermal vias were not used to 
connect fused leads to inner copper planes. 

12. Tested on multilayer 3 x 4.5 x .062-inch PWB with 2 1-oz copper internal planes, 10-mil trace-widths and 
2.74 in 2 of copper on top of PWB for heatsinking to fused leads. Thermal vias were not used to connect 
fused leads to inner copper planes. 

13. Tested on multilayer 3 x 4.5 x .062-inch PWB with 2 1-oz copper internal planes, 10-mil trace-widths and 
2.2 in 2 of 1-oz copper on top of PWB for heatsinking to fused leads. Thermal vias were not used to con- 
nect fused leads to inner copper planes. 

1 4. Trace width for test PWBs is typically 1 0 mils. 

1 5. Test conditions typically use a 1 1 0-1 25C junction temperature with an ambient temperature of 25-30°C. 

1 6. Die size noted is for a thermal test die with a uniformly distributed heating area. 



Typical Materials Used for Assembly 
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Package 

Unitrode 

Package 

Code 

Die 

Thickness 

(mils) 

Die Attach (2) 

Leadframe Material 
Thermal 

Conductivity (1) 

Molding Compound or 
Package Material 

Ceramic DIP 

J 

15 

Eutectic or 

Silver Glass 

75 

Alumina 

Ceramic LCC 

L 

15 

Eutectic or 

Silver Glass 

N/A 

Alumina 

Ceramic 

LCC Power 

LP 

15 

Eutectic or Silver 
Glass 

N/A 

Alumina 

Ceramic 

Sidebraze 

Power 

SP 

15 

Eutectic 

N/A 

Alumina 

LQFP 

FQ 

12 

Silver Filled Epoxy 

85-110 

Standard, non-thermally 
enhanced epoxy 

LQFP Power 

FQP 

12 

Silver Filled Epoxy 

220 

Standard, non-thermally 
enhanced epoxy 

PDIP 

N 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

MSOP 

P 

8 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

PDIP Power 

NP 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

PLCC 

Q 

12 

Silver Filled Epoxy 

208 

Standard, non-thermally 
enhanced epoxy 

PLCC Power 

QP 

12 

Silver Filled Epoxy 

208 

Standard, non-thermally 
enhanced epoxy 

QSOP 

M 

12 

Silver Filled Epoxy 

i 

150 

Standard, non-thermally 
enhanced epoxy 

QSOP Wide 
Body Power 

MWP 

12 

Silver Filled Epoxy 

208 

Standard, non-thermally 
enhanced epoxy 

SOIC 

Narrow Body 

D 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

SOIC Narrow 
Power 

DP 

12 

Silver Filled Epoxy 

208 

Standard, non-thermally 
enhanced epoxy 

SOIC Wide 
Body 

DW 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

SOIC Wide 
Body Power 

DWP 

12 

Silver Filled Epoxy 

208 

Standard, non-thermally 
enhanced epoxy 

TO220 

T 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

T0263 

TD 

12 

Silver Filled Epoxy 

150 

Standard, non-thermally 
enhanced epoxy 

TSSOP 

PW 

10 

Silver Filled Epoxy 

85-110 

Standard, non-thermally 
enhanced epoxy 

TSSOP 

Power 

PWP 

10 

Silver Filled Epoxy 

85-110 

Standard, non-thermally 
enhanced epoxy 


Note 1 : — Leadframe downset is typically 8-15 mils. Leadframe thickness is typically 5-10 mils. 

ft 2 • hr*°F 

Note 2 : Die attach thickness is 0.5-1 .5 mils for plastic devices; 1 .9-2.4 mils for ceramic. 

Table 1. Typical materials used for assembly. 
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Introduction 

Surface mount packaging continues to expand mar- 
ket share, displacing dual in-line packages (DIPs) at 
an ever increasing rate. Smaller surface mount 
devices allow a significant increase in circuit density 
with a corresponding decrease in system size. 
Miniaturization is not without penalty however, as 
thermal management can quickly dominate system 
packaging design. 

With the familiar DIP, the majority of heat is removed 
through the case. Typically, this is accomplished by 
convection air currents, although forced air or con- 
duction cooling is often used in more demanding 
applications. Unlike the DIP however, the majority of 
heat is removed from surface mount packages 
through the leads. This means that the PC board 
design directly affects the thermal capability of sur- 
face mounted circuitry. For optimal thermal design, 
the integrated circuit, the package, and the PC 
board must be considered as a system. 

Many designers use steady-state thermal behavior 
(thermal resistance) to predict 1C junction tempera- 
ture. While this approach certainly is valid for 
devices subjected to continuous power dissipation, 
it often results in an overly conservative design 
when dissipation varies over time. Generating a 
model which accounts for transient thermal behav- 
ior allows the designer to fully exploit the system’s 
thermal mass. Instantaneous junction temperature 
can then be calculated, insuring reliability with mini- 
mal system size. 

Thermal Model 

Figure 1 shows the basic model which is expanded 
for more complex situations. The power dissipated is 
represented by the current source. Resistance to 
heat flow is represented by the resistor, and the ther- 
mal mass is represented by the capacitor. The anal- 
ogous thermal units for the current, thermal resis- 


tance, and thermal capacitance are also shown in 
figure 1 . Ground is ambient temperature, so all val- 
ues are temperature rise above ambient. With more 
complex systems, it is usually easiest to initially con- 
vert to electrical units, analyze the circuit, then con- 
vert back to thermal units. This approach allows 
standard electrical circuit analysis tools and tech- 
niques to be used without unnecessary confusion. 

A surface mounted device on a PC board can be 
modeled as in figure 2. Each R-C section roughly 



Figure 1 . Basic Thermal Model 

correlates to the physical system. The first R-C is the 
device die. The second is the lead frame and pack- 
age, and the third is the PC board. Other parameters 
such as the junction to case and case to ambient 
thermal resistances, are lumped into the three R-C 
sections. This simplification does cause transient 
thermal response errors, although normally these 
errors are small. The additional elements can be 
broken out separately if greater accuracy is 
required. Although the physical correlation is far 
from perfect for the 3 R-C model, the thermal corre- 
lation can be very good. 
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Figure 2. Surface Mounted Device on a PC Board Model 


tice, this is not critical since the temperature drop 
across the die will only be a few degrees C in a sur- 
face mountable 1C. During the test, the measure- 
ment diode must not have any current other than 
the fixed bias current. The bias current should be as 
small as possible to avoid self-heating the diode. 

Many devices have a diode intended for forward 
biased operation in the actual application circuit 
such as an output stage clamping diode. If such a 
diode is not available it may be necessary to forward 
bias a parasitic diode for measurement. While this 
approach should be considered a last resort, it can 
yield acceptable data. If a parasitic diode is forward 
biased, erratic or unspecified behavior is likely, even 
with low bias currents. Evaluate the test circuit care- 
fully, insuring that dissipation is constant over the 
measurement temperature range. 


Parameter Measurement 

The circuit technique shown in figure 3 can be used 
to evaluate the thermal performance of almost any 
1C. Device power dissipation must be known and 
constant. This is achieved with resistive loading for 
devices such as voltage regulators or amplifiers. 
Other devices may require additional circuitry to 
insure constant dissipation. 

The change in forward voltage of a diode is typical- 
ly utilized for temperature measurement, although 
any temperature dependant parameter could also 
be used. Ideally, the diode should be close to the 
output transistors for maximum accuracy. In prac- 


Kelvin all connections to avoid interconnect voltage 
drops. Every 2mV is approximately 1°C, so even 
small DC offsets can cause significant error. 
Without any power applied to the device other than 
the diode bias current, characterize the diode’s for- 
ward voltage in an oven at several temperatures 
over the expected operating junction temperature 
range. The slope of a best-fit line gives the thermal 
coefficient (Tq) which is used in subsequent calcu- 
lations. 

Thermocouples are used to sense PC board and 
ambient temperature. PC board temperature is 
measured as close to the device as possible. 



Figure 3. Typical Thermal Test Circuit 
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Some parameters are measured directly while oth- 
ers are derived by curve fitting. Junction to PC 
board, and PC board to ambient thermal resistance 
are measured by dissipating a constant power. 
Allow 15 minutes for the temperature to stabilize. 
The change in diode forward voltage and PC board 
temperature give the junction to ambient and board 
to ambient thermal resistance: 

R (j-a) = aV D 1 0C P DISP) 

R (b-a) = AT B /p DISP 

Note that these resistances are based on change in 
temperature - ambient is assumed constant for the 
duration of the test. These values correlate to R1, 
R2, and R3 by: 

R1 + R2 = R(j_ a ) - R( b - a) (1) 

R 3 = R(b-a) (2) 

The thermal capacitance of the die is measured by 
applying a pulsed load and recording the junction 
temperature waveform. Varying the dissipation 
pulse width allows observation of each capaci- 
tance’s effect, although only the die’s thermal 
capacitance can be measured directly. A typical 
10ms transient dissipation waveform is shown in fig- 
ure 4. The thermal time constant of the die is on the 
order of 30ms. To minimize exponential decay error, 
the slope of the waveform is measured at (t) = 3ms. 
The die’s thermal capacitance is then: 


C1 = P DISP At T C / aV D (3) 



HORIZONTAL: 2ms/DIV 

Figure 4: 10ms Transient Dissipation Waveform 

Transient waveforms should also be taken for 
100ms, Is, and 10s dissipation intervals to generate 
an accurate temperature versus time curve. If tran- 


y n 

sient thermal behavior is critical beyond 10 seconds 
then additional curves must be taken. The thermal 
time constant of the PC board can go out to several 
minutes, so a strip chart recorder or computer 
based data acquisition system will be required. For 
most systems, this additional data is unnecessary. 

The remaining parameters are determined by curve 
fitting. Visual comparison of measured versus cal- 
culated curves is easily done with a spread sheet 
program. Measured junction temperature versus 
time data (4 points per decade is sufficient) is 
entered into the spread sheet. Junction temperature 
is then calculated at each point with estimated val- 
ues for R2 and C2 and C3 using: 

T(t) = P DISP [ R1 0 ) + R 2(1 -e" t/x2 ) (4) 

+ R3(1-e' t/x3 )] 

Data presented in the following section will help in 
estimating initial values. This procedure is iterated 
until an acceptable curve fit is achieved. C3’s value 
is iterated only if the measured curve goes out to 
several minutes. Figure 5 is a typical measured and 
calculated junction temperature versus time curve. 

A logarithmic time axis aids in curve fitting by 
spreading data points evenly. 



Figure 5. Juction Temperature versus Time for FQP48 
Package Dissipating 1W. 

Typical Data 

The preceding technique was used to characterize 
two devices in nine different packages. Five different 
PC board types were also tested to provide relative 
comparison. This information should be used to help 
initially determine package, PC board type, and lay- 
out. It must be stressed that this typical data should 
not substitute for a rigorous thermal analysis of the 
actual application. 
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PACKAGE 

R1 

(°C/W) 


— r . "" . ■ 

( sec ) 

R2 

(°C/W) 

C2 

(J/°C) 

t2 

(sec) 

R3 

(°C/W) 

ill ill 

(J/°C) 

t3 

(sec) 


D8 

5 

0.0035 

0.02 

64 

0.030 

1.9 

15 

24 

360 

84 

D14 

4 

0.0045 

0.02 

45 

0.035 

1.6 

16 

24 

384 

65 

DWt6 

4 

0.0045 

0.02 

44 

0.070 

3.1 

15 

24 

360 

63 












DW16 

4 

0.011 

0.04 

34 

0.11 

3.7 

13 

24 

312 

51 

DWP28 

2.5 

0.008 

0.02 

13 

0.13 

1.7 

15 

24 

360 

30 

Q20 

3 

0.010 

0.02 

26 

0.12 

3.1 

14 

24 

336 

43 

028 

2.5 

0.008 

0.02 

25 

0.12 

2.9 

13 

24 

312 

40 

QP28 

2.5 

0.009 

0.02 

12 

0.25 

3.0 

14 

24 

336 

28 

FQ48 

4 

0.006 

0.02 

57 

0.07 

4.0 

15 

24 

360 

76 

FQP48 


0.005 

0.02 

21 

0.08 

1.7 

14 

25 

350 

39 


Figure 6. Model Values Versus Package Type for 1W Dissipation on Aluminum PC Board. 


Figure 6 shows model values and time constants 
versus package type, mounted on an aluminum PC 
board [1]. Junction to ambient thermal resistance is 
also shown to indicate overall steady state thermal 
performance. All data was taken with one watt dissi- 
pated. The values that were determined by curve fit- 
ting result in a fairly conservative model. Values 
were chosen which tended to predict higher tem- 
perature than actually measured where errors could 
not be eliminated. As indicated, two devices were 
used for testing. At 7,500 square mils, the UC3730 
is representative of the smaller dies typically pack- 
aged in D8, D14,.and DW1 6 packages. The UC3173 
is 1 6,500 square mils, and is typical of the dies pack- 
aged in the other larger packages. 

Both devices were packaged in the DW16 to isolate 
the effect of die size. The UC1 730’s smaller die 
increased R2 by about 30%. Interpolating between 
these two data points is difficult since the relation- 
ship between die size and thermal resistance is non- 
linear. Curves are available which account for this 
dimensional difference [2], although the actual con- 
ditions differ and are more complicated than the 
configuration used to generate the curves. 
Fortunately, the resulting error will be small in most 
applications. Conservatively estimating R2 will mini- 
mally impact system size, but if a more accurate 
value is required the actual device can be charac- 
terized on a test PC board. 


Figure 7 illustrates the power lead frame’s dramatic 
improvement in thermal performance over standard 
lead frames by comparing the junction to ambient 
thermal resistances of the QP28 to the Q28, and the 
FQP48 to the FQ48. Standard lead frames connect 
the die to the leads thermally through the epoxy 
molding compound. Power lead frame packages 
incorporate a single piece for die attachment and 
ground leads. This uninterrupted, high thermal con- 
ductivity path offers a significant improvement over 
standard lead frames. Occasionally a stiffer but less 
conductive alloy is used for standard lead frames. 
The FQ48’s poorer thermal performance is partially 
caused by the lower conductivity alloy. 

Printed circuit board design significantly affects the 
overall thermal performance of the system, particu- 
larly with the power lead frame packages. The 
UC3173 in the DWP28 package was used to 


8 

C 

a 

.52 

© 

DC 

1 

© 

E 



Q28 QP28 FQ48 FQP48 


Package 

Figure 7. Power lead frames significantly reduce thermal 
resistance. 
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compare PC board thermal performance. Five dif- 
ferent PC board types were evaluated with one watt 
dissipated: 

1 . Single side 1 oz. copper, 0.062 aluminum 

2. Single side 1 oz. copper, 0.062 FR4 epoxy fiber- 
glass 

3. Single side 2 oz. copper, 0.062 FR4 epoxy fiber- 
glass 

4. Four layer (signal, ground, Vcc, signal) 1 oz. cop- 
per, 0.031 FR4 epoxy fiberglass 

5. Four layer (signal, ground, Vcc, signal) 1 oz. cop- 
per, 0.062 FR4 epoxy fiberglass 



dissipating 1W. 


The thermal resistance, capacitance, and time con- 
stants for the five PC boards are shown in figure 8. 
The PC board layouts used for testing are shown in 
figure 9. Only the component side is shown for the 


unconnected. The inner ground plane is connected 
to the small component side ground plane through 
16 feed-throughs. 

As expected, the aluminum PC board’s significantly 
higher specific heat results in nearly an order of 
magnitude increase in thermal capacitance. 
Surprisingly the four layer 0.062 board’s thermal 
resistance is nearly as low as the aluminum board’s, 
indicating good heat distribution through the inner 
planes. Note that although the Vcc plane is uncon- 
nected, it does help distribute the heat across the 
board. Conduction or forced air cooling is necessary 
to fully exploit the aluminum board’s capability. 

Summary 

A method for accurately modeling the thermal 
behavior of a surface mounted 1C has been pre- 
sented. The model relies on measured data, insur- 
ing excellent correlation to the physical system. 
Typical thermal behavior of nine different packages 
and five different PC boards were also presented, 
indicating relative thermal performance differences. 
Optimum thermal system design is achievable using 
the techniques and data presented. 
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four layer boards. The back side, which has 10 mil 
traces on 50 mil centers to provide a typical amount 
of interconnect copper, and the Vcc plane were 

4 Layer-Component Side 



Figure 9. Test PC Board Layouts (SOIC 28DWP) 


electronics Packaging Handbook”, Van 
Nostrand Reinhold, 1989, pp173-179 
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D: 8-Pin SOIC 



/l\ *A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS 
SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL 
BE LOCATED WITHIN ±0.004 IN. OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL 
NOT CAUSE THE LEAD WIDTH TO EXCEED ‘F’ MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CAN 
NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


D: 14-Pin SOIC 



/l\ ‘A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

/3\ THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION ‘F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO 
EXCEED ‘F MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

/A ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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D: 16-Pin SOIC 


MILLIMETERS 
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/1\ ‘A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION ‘F’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F’ MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

/7\ ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


DP: 8-Pin SOiC 


MILLIMETERS 
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LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 
k THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL 
BE LOCATED WITHIN ±0.004 IN. OF ITS EXACT TRUE POSITION. 

CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
v DIMENSION ‘P DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL 
NOT CAUSE THE LEAD WIDTH TO EXCEED 'F' MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CAN 
NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 
k THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

^ ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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DP: 16-Pin SOIC 


DIMENSIONS 
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SEATING PLANE - 


/l\ ‘A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION ‘F’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


DW: 16-Pin SOIC 



NOTES: 


H B H H H H H H 
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A' 


A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 


2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 
OF ITS EXACT TRUE POSITION. 


4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION 'F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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DW: 18-Pin SOIC 



A ‘A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION F’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘ C1 ’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


DW: 20-Pin SOIC 



NOTES: 

A ‘A1’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 

4. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A DIMENSION ‘F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘Cl’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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J: 8-Pin Ceramic DIP, Glass Seal 





NOTES: 

1. INDEX AREA: A NOTCH OR A PIN ONE IDENTIFICATION MARK SHALL BE LOCATED ADJACENT TO PIN ONE. 

THE MANUFACTURER'S IDENTIFICATION SHALL NOT BE USED AS A PIN ONE IDENTIFICATION MARK. 

2. THE MINIMUM LIMIT FOR DIMENSION "El" MAY BE 0.023 (0.58mm) FOR LEADS NUMBER 1, 4, 5 AND 8 ONLY. 

3. DIMENSION "D" SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 

5. THE BASIC PIN SPACING IS 0.100 (2.54mm) BETWEEN CENTERLINES. EACH PIN CENTERLINE SHALL BE LOCATED 
WITHIN ±0.010 (0.25mm) OF ITS EXACT TRUE POSITION. 

6. APPLIES TO ALL FOUR CORNERS (LEADS NUMBER 1 , 4, 5 AND 8). 

7. DIMENSION “A" SHALL BE MEASURED AT THE CENTERLINE OF THE LEADS WHEN a = 0°. 

8. THE MAXIMUM LIMITS OF DIMENSIONS "E" AND "F" SHALL BE MEASURED AT THE CENTER OF THE FLAT WHEN SOLDER DIP IS APPLIED. 

9. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

10 THE SEATING PLANE IS LOCATED AT THE LOWEST POINT ON THE LEAD AT WHICH THE LEAD WIDTH EXCEEDS 

0.040 (1.02mm) MINIMUM, EXCLUDING ANY HALF LEADS AT THE PACKAGE ENDS. 


J: 16-Pin Ceramic DIP, Glass Seal 




NOTES: 

1. INDEX AREA: A NOTCH OR A PIN ONE IDENTIFICATION MARK SHALL BE LOCATED ADJACENT TO PIN ONE. 

THE MANUFACTURER S IDENTIFICATION SHALL NOT BE USED AS A PIN ONE IDENTIFICATION MARK. 

2. THE MINIMUM LIMIT FOR DIMENSION "El " MAY BE 0.023 (0.58mm) FOR LEADS NUMBER 1, 8, 9 AND 16 ONLY. 

3. DIMENSION "D" SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 

5. THE BASIC PIN SPACING IS 0.100 (2.54mm) BETWEEN CENTERLINES. EACH PIN CENTERLINE SHALL BE LOCATED 
WITHIN ±0.010 (0.25mm) OF ITS EXACT TRUE POSITION. 

6. APPLIES TO ALL FOUR CORNERS (LEADS NUMBER 1, 8, 9 AND 16). 

7. DIMENSION "A" SHALL BE MEASURED AT THE CENTERLINE OF THE LEADS WHEN a = 0°. 

8. THE MAXIMUM LIMITS OF DIMENSIONS "E" AND "F" SHALL BE MEASURED AT THE CENTER OF THE FLAT 
WHEN SOLDER DIP IS APPLIED. 

9. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

/o\ THE SEATING PLANE IS LOCATED AT THE LOWEST POINT ON THE LEAD AT WHICH THE LEAD WIDTH EXCEEDS 
0.040 (1.02mm) MINIMUM, EXCLUDING ANY HALF LEADS AT THE PACKAGE ENDS. 
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Package Drawings 



J: 18-Pin Ceramic DIP, Glass Seal 



NOTES: 

1. INDEX AREA: A NOTCH OR A PIN ONE IDENTIFICATION MARK SHALL BE LOCATED ADJACENT TO PIN ONE. 

THE MANUFACTURER'S IDENTIFICATION SHALL NOT BE USED AS A PIN ONE IDENTIFICATION MARK. 

2. THE MINIMUM LIMIT FOR DIMENSION "El" MAY BE 0.023 (0.58mm) FOR LEADS NUMBER 1, 9, 10 AND 18 ONLY. 

3. DIMENSION "D" SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 

5. THE BASIC PIN SPACING IS 0.100 (2.54mm) BETWEEN CENTERLINES. EACH PIN CENTERLINE SHALL BE LOCATED 
WITHIN ±0.010 (0.25mm) OF ITS EXACT TRUE POSITION. 

6. APPLIES TO ALL FOUR CORNERS (LEADS NUMBER 1, 9, 10 AND 18). 

7. DIMENSION "A" SHALL BE MEASURED AT THE CENTERLINE OF THE LEADS WHEN a = 0°. 

8. THE MAXIMUM LIMITS OF DIMENSIONS "E" AND "F" SHALL BE MEASURED AT THE CENTER OF THE FLAT WHEN 
SOLDER DIP IS APPLIED. 

9. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

/l(K THE SEATING PLANE IS LOCATED AT THE LOWEST POINT ON THE LEAD AT WHICH THE LEAD WIDTH EXCEEDS 

0.040 (1.02mm) MINIMUM, EXCLUDING ANY HALF LEADS AT THE PACKAGE ENDS. 



J: 20-Pin Ceramic DIP, Glass Seal 



NOTES: 

1. INDEX AREA: A NOTCH OR A PIN ONE IDENTIFICATION MARK SHALL BE LOCATED ADJACENT TO PIN ONE. 

THE MANUFACTURER S IDENTIFICATION SHALL NOT BE USED AS A PIN ONE IDENTIFICATION MARK. 

2. THE MINIMUM LIMIT FOR DIMENSION "El" MAY BE 0.023 (0.58mm) FOR LEADS NUMBER 1, 10, 11 AND 20 ONLY. 

3. DIMENSION "D" SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 

5. THE BASIC PIN SPACING IS 0.100 (2.54mm) BETWEEN CENTERLINES. EACH PIN CENTERLINE SHALL BE LOCATED 
WITHIN ±0.010 (0.25mm) OF ITS EXACT TRUE POSITION. 

6. APPLIES TO ALL FOUR CORNERS (LEADS NUMBER 1, 10, 11 AND 20). 

7. DIMENSION "A" SHALL BE MEASURED AT THE CENTERLINE OF THE LEADS WHEN a = 0°. 

8. THE MAXIMUM LIMITS OF DIMENSIONS "E" AND "F" SHALL BE MEASURED AT THE CENTER OF THE FLAT WHEN 
SOLDER DIP IS APPLIED. 

9. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY, 

/V tHE SEATING PLANE IS LOCATED AT THE LOWEST POINT ON THE LEAD AT WHICH THE LEAD WIDTH EXCEEDS 
0.040 (1.02mm) MINIMUM, EXCLUDING ANY HALF LEADS AT THE PACKAGE ENDS. 
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L: 20-Pin Ceramic LCC 



NOTES: 

1. A MINIMUM CLEARANCE OF 0.015 INCH (0.38 mm) SHALL BE MAINTAINED BETWEEN ADJACENT TERMINALS. 

2. 'N 1 IS THE MAXIMUM QUANTITY OF TERMINAL POSITIONS. ND 1 AND NE' ARE THE NUMBERS OF TERMINALS ALONG THE SIDES OF LENGTH 'D' AND 'E' RESPECTIVELY. 

3. ELECTRICAL CONNECTION TERMINALS ARE REQUIRED ON PLANE 1 AND OPTIONAL ON PLANE 2. HOWEVER, IF PLANE 2 HAS SUCH TERMINALS THEY 
SHALL BE ELECTRICALLY CONNECTED TO OPPOSING TERMINALS ON PLANE 1. 

4. A MINIMUM CLEARANCE OR 0.015 INCH (0.38 mm) SHALL BE MAINTAINED BETWEEN A METAL LID AND OTHER METAL FEATURES (E.G., PLANE 2 TERMINALS, 
METALLIZED CASTE LLATIONS, ETC.) THE LID SHALL NOT EXTEND BEYOND THE EDGES OF THE BODY. 

5. THE INDEX FEATURE FOR NUMBER 1 TERMINAL IDENTIFICATION, OPTIONAL ORIENTATION OR HANDLING PURPOSES SHALL BE WITHIN THE AREA DEFINED BY 
DIMENSIONS 'B2' AND 'L2' ON PLANE 1. 

6. DIMENSION 'A' CONTROLS THE OVERALL PACKAGE THICKNESS. 

7. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

8. CASTELLATIONS ARE REQUIRED ON BOTTOM TWO LAYERS. CASTELLATIONS IN THE TOP LAYER ARE OPTIONAL. 

9. WHEN SOLDER DIP LEAD FINISH APPLIES, SOLDER BUMP HEIGHT SHALL NOT EXCEED 0.007 INCHES AND SOLDER BUMP 
COPLANARITY SHALL NOT EXCEED 0.006 INCHES. 

10. THE BASIC TERMINAL SPACING IS 0.050 INCHES BETWEEN CENTERLINES. EACH TERMINAL CENTERLINE SHALL BE 
LOCATED WITHIN ±0.004 INCHES OF ITS EXACT TRUE POSITION. 


L: 28-Pin Ceramic LCC 



NOTES: 

1. A MINIMUM CLEARANCE OF 0.015 INCH (0.38 mm) SHALL BE MAINTAINED BETWEEN ADJACENT TERMINALS. 

2. 'N' IS THE MAXIMUM QUANTITY OF TERMINAL POSITIONS. ND’ AND NE' ARE THE NUMBERS OF TERMINALS ALONG THE SIDES OF LENGTH 'D' AND ‘E‘ RESPECTIVELY. 

3. ELECTRICAL CONNECTION TERMINALS ARE REQUIRED ON PLANE 1 AND OPTIONAL ON PLANE 2. HOWEVER, IF PLANE 2 HAS SUCH TERMINALS THEY SHALL 
BE ELECTRICALLY CONNECTED TO OPPOSING TERMINALS ON PLANE 1 . 

4. A MINIMUM CLEARANCE OR 0.015 INCH (0.38 mm) SHALL BE MAINTAINED BETWEEN A METAL LID AND OTHER METAL FEATURES (E.G., PLANE 2 TERMINALS, 

METALLIZED CASTELLATIONS, ETC.) THE LID SHALL NOT EXTEND BEYOND THE EDGES OF THE BODY. 

5. THE INDEX FEATURE FOR NUMBER 1 TERMINAL IDENTIFICATION, OPTIONAL ORIENTATION OR HANDLING PURPOSES SHALL BE WITHIN THE AREA DEFINED 
BY DIMENSIONS B2' AND 'L2' ON PLANE 1. 

6. DIMENSION 'A' CONTROLS THE OVERALL PACKAGE THICKNESS. 

7. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

8. CASTELLATIONS ARE REQUIRED ON BOTTOM TWO LAYERS. CASTELLATIONS IN THE TOP LAYER ARE OPTIONAL. 

9. WHEN SOLDER DIP LEAD FINISH APPLIES, SOLDER BUMP HEIGHT SHALL NOT EXCEED 0.007 INCHES AND SOLDER BUMP COPLANARITY SHALL NOT EXCEED 0.006 INCHES. 

10. THE BASIC TERMINAL SPACING IS 0.050 INCHES BETWEEN CENTERLINES. EACH TERMINAL CENTERLINE SHALL BELOCATED WITHIN ±0.004 INCHES OF 

ITS EXACT TRUE POSITION. 
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Package Drawings 


y 


M: 16-Pin SSOP 


MILLIMETERS 





—H n L 

DETAIL-A 



SEE DETAIL -A 


‘D’ AND ‘El’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 
l THE BASIC LEAD SPACING IS 0.025 IN. BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. 

OF ITS EXACT TRUE POSITION. 


4. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

A DIMENSION ‘b’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO 
EXCEED ‘b’ MAXIMUM BY MORE THAN 0.003 IN. DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.004 IN. AND 0.010 IN. FROM THE LEAD TIP. 

A ‘A1’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


N: 8-Pin P-DIP 



PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 



2. ‘C2’ SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

3 ‘D’ SHALL BE MEASURED WITH THE LEADS CONSTRAINED TO BE PERPENDICULAR 
TO THE BASE PLANE. 

4. THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 

5. ‘G’ SHALL BE MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED. 

6. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
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Package Drawings 


N: 14-Pin P-DIP 


DIMENSIONS 



INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 


A 

.245 

.260 

6.22 

6.60 

1 

B 

.745 

.775 

18.92 

19.68 

1 

C 

- 

.210 

- 

5.33 


Cl 

.125 

.150 

3.18 

3.81 


C2 

.015 

.055 

0.38 

1.40 

2 

D 

.300 

.325 

7.62 

8.26 

3 

E 

.100 BSC 

2.54 BSC 

4 

F 

.014 

.022 

0.35 

0.56 


FI 

.045 

.070 

1.14 

1.78 


F2 

.008 

.014 

0.20 

0.35 


G 

.300 

.400 

7.62 

10.16 

5 

H 

.005 

- 

0.13 

- 


L 

.115 

.160 

2.92 

4.06 




PIN 1 
INDEX 






NOTES: 

1. ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. C2’ SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

3 ‘D’ SHALL BE MEASURED WITH THE LEADS CONSTRAINED TO BE PERPENDICULAR 
TO THE BASE PLANE. 

4. THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 

5. ‘G’ SHALL BE MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED. 

6. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 


N: 16-Pin P-DIP 


DIMENSIONS 



INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 


A 

.245 

.260 

6.22 

6.60 

1 

B 

.745 

.775 

18.92 

19.68 

1 

C 


.210 

- 

5.33 


Cl 

.125 

.150 

3.18 

3.81 


C2 

.015 

.055 

0.38 

1.40 

2 

D 

.300 

.325 

7.62 

8.26 

3 

E 

.100 BSC 

2.54 BSC 

4 

F 

.014 

.022 

0.35 

0.56 


FI 

.045 

.070 

1.14 

1.78 


F2 

.008 

.014 

0.20 

0.35 


G 

.300 

.400 

7.62 

10.16 

5 

H 

.005 

- 

0.13 

- 


L 

.115 

.160 

2.92 

4.06 



PIN 1 
- INDEX 


Pii n ii n ii n ii n ii n ii n ii f i z 

C 

/ 1 
* A 

i 

16 

4 B ► 



BASE PLANE 
SEATING PLANE 



4 ^ 


NOTES: 

1. ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. ‘C2’ SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

3 ‘D’ SHALL BE MEASURED WITH THE LEADS CONSTRAINED TO BE PERPENDICULAR 
TO THE BASE PLANE. 

4. THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 

5. ‘G’ SHALL BE MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED. 

6. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
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Package Drawings 


y 


N: 18-Pin P-DIP 


DIMENSIONS 



INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 


A 

.245 

.260 

6.22 

6.60 

1 

B 

.890 

.920 

22.61 

23.39 

1 

C 

- 

.210 

- 

5.33 


Cl 

.125 

.150 

3.18 

3.81 


C2 

.015 

.055 

0.38 

1.40 

2 

D 

.300 

.325 

7.62 

8.26 

3 

E 

.100 BSC 

2.54 BSC 

4 

F 

.014 

.022 

0.35 

0.56 


FI 

.045 

.070 

1.14 

1.78 


F2 

.008 

.014 

0.20 

0.35 


G 

.300 

.400 

7.62 

10.16 

5 

H 

.005 


0.13 

- 


L 

.115 

.160 

2.92 

4.06 



PIN 1 





NOTES: 

1. ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. ‘C2’ SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

3. ‘D’ SHALL BE MEASURED WITH THE LEADS CONSTRAINED TO BE PERPENDICULAR 
TO THE BASE PLANE. 

4. THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 

5. ‘G’ SHALL BE MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED. 

6. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 


N: 20-Pin P-DIP 


| DIMENSIONS 



| INCHES | 

| MILLIMETERS | 

NOTES 

MIN 

MAX 

MIN 

MAX 


A 

.245 

.260 

6.22 

6.60 

1 

B 

1.010 

1.030 

25.65 

26.16 

1 

C 

- 

.210 

- 

5.33 


Cl 

.125 

.150 

3.18 

3.81 


C2 

.015 

.055 

0.38 

1.40 

2 

D 

.300 

.325 

7.62 

8.26 

3 

E 

.100 BSC 

2.54 BSC 

4 

F 

.014 

.022 

0.35 

0.56 


FI 

.045 

.070 

1.14 

1.78 


F2 

.008 

.014 

0.20 

0.35 


G 

.300 

.400 

7.62 

10.16 

5 

H 

.005 

- 

0.13 

- 


L 

.115 

.160 

2.92 

4.06 




NOTES: 

1. ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. ‘C2’ SHALL BE MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

3. ‘D’ SHALL BE MEASURED WITH THE LEADS CONSTRAINED TO BE PERPENDICULAR 
TO THE BASE PLANE. 

4. THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 

5. ‘G’ SHALL BE MEASURED AT THE LEAD TIPS WITH THE LEADS UNCONSTRAINED. 

6. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
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Package Drawings 


PN: 16-Pin P-DIP (0.300”) 





Inches 

Millimeters 

Dimension 

Min. 

Max. 

Min. 

Ma> 

A 

0.160 

0.180 

4.06 

4.5' 

A1 

0.015 

0.040 

0.38 

1.02 

B 

0.015 

0.022 

0.38 

0.51 

B1 

0.055 

0.065 

1.40 

1.6. 

C 

0.008 

0.013 

0.20 

0.3: 

D 

0.740 

0.770 

18.80 

19.5 

E 

0.300 

0.325 

7.62 

8.21 

El 

0.230 

0.280 

5.84 

7.1 

e 

0.300 

0.370 

7.62 

9.4( 

G 

0.090 

0.110 

2.29 

2.71 

L 

0.115 

0.150 

2.92 

3.8 

S 

0.020 

0.040 

0.51 

1.02 


PN: 20-Pin P-DIP (0.300”) 


d^nj r 

C 3 
C 3 



r ei H 
I- E H 


nnnnnnnn 


Inches 

| Millimeters 


Min. 

Max. 

Min. 

Ma: 

X. 

0.160 

0.180 

4.06 

4.5 

7 

0.015 

0.040 

0.38 

1.0 

2 

0.015 

0.022 

0.38 

0.5 

6 

0.055 

0.065 

1.40 

1.6 

5 

0.008 

0.013 

0.20 

0.3 

3 

1.010 

1.060 

25.65 

26.! 

92 

0.300 

0.325 

7.62 

8.2 

6 

0.230 

0.280 

5.84 

7.1 

1 

0.300 

0.370 

7.62 

9.4 

0 

0.090 

0.110 

2.29 

2.7 

9 

0.115 

0.135 

2.92 

3.4 

3 

0.055 

0.080 

1.40 

2.0 

3 





Package Drawings 


y 


PN: 24-Pin P-DIP (0.300”) 



D 


1 



A 

LA’, 


[— B1 


wmMm" 

- B -|| 

"h 


Dimension 

Inches 

Millimeters 

Min. 

Max. 

Min. 

Max. 

A 

0.160 

0.180 

4.06 

4.57 

A1 

0.015 

0.040 

0.38 

1.02 

B 

0.015 

0.022 

0.38 

0.56 

B1 

0.045 

0.055 

1.14 

1.40 

C 

0.008 

0.013 

0.20 

0.33 

D 

1.240 

1.280 

31.50 

32.51 

E 

0.300 

0.325 

7.62 

8.26 

El 

0.250 

0.300 

6.35 

7.62 

e 

0.300 

0.370 

7.62 

9.40 

G 

0.090 

0.110 

2.29 

2.79 

L 

0.115 

0.150 

2.92 

3.81 

S 

0.070 

0.090 

1.78 

2.29 


PW: 8-Pin TSSOP 


DIMENSIONS | 


MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.3 

4.5 

0.170 

0.177 

B 

2.9 

3.1 

0.114 

0.122 

C 

- 

1.10 

- 

0.043 

Cl 

0.90 REF. 

0.035 REF. 

C2 

0.05 | 0.15 

0.002 | 0.006 

D 

6.4 BSC 

0.252 BSC 

E 

0.65 BSC 

0.0256 BSC 

F 

0.18 

0.30 

0.007 

0.012 

FI 

0.09 

0.18 

0.004 

0.007 

L 

0.50 

0.70 

0.020 

0.028 

e 

0° 

7° 

0° 

7° 



D 



0 


NOTES: 

1. CONTROLLING DIMENSION: MILLIMETERS. INCHES SHOWN FOR REFERENCE ONLY. 


‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.15mm PER SIDE. 

THE BASIC LEAD SPACING IS 0.65mm BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN +0.1 0mm OF ITS EXACT TRUE POSITION. 


4. LEADS SHALL BE COPLANAR WITHIN 0.08mm AT THE SEATING PLANE. 

DIMENSION ‘F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED ‘F MAXIMUM 
BY MORE THAN 0.08mm. DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

/s \' THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10mm AND 0.25mm FROM THE LEAD TIP. 

/K ‘C2’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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PW: 14-Pin TSSOP 



1. CONTROLLING DIMENSION: MILLIMETERS. INCHES SHOWN FOR REFERENCE ONLY. 

A ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.15mm PER SIDE. 

^THE BASIC LEAD SPACING IS 0.65mm BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.10mm OF ITS EXACT TRUE POSITION. 

4. LEADS SHALL BE COPLANAR WITHIN 0.08mm AT THE SEATING PLANE. 

/^DIMENSION ‘F’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.08mm. 

DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10mm AND 0.25mm FROM THE LEAD TIP. 

/A ‘C2’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 


PW: 16-Pin TSSOP 



i ca: 

1. CONTROLLING DIMENSION: MILLIMETERS. INCHES SHOWN FOR REFERENCE ONLY. 


A ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.15mm PER SIDE. 

A THE BASIC LEAD SPACING IS 0.65mm BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN +0.10mm OF ITS EXACT TRUE POSITION. 
4. LEADS SHALL BE COPLANAR WITHIN 0.08mm AT THE SEATING PLANE. 

A DIMENSION ‘F’ DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED ‘F MAXIMUM 
BY MORE THAN 0.08mm. DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

/i \ THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10mm AND 0.25mm FROM THE LEAD TIP. 

/K ‘C2’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 
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Package Drawings 


PW: 20-Pin TSSOP 



1. CONTROLLING DIMENSION: MILLIMETERS. INCHES SHOWN FOR REFERENCE ONLY. 

A ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.15mm PER SIDE. 

A THE BASIC LEAD SPACING IS 0.65mm BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN +0.1 0mm OF ITS EXACT TRUE POSITION. 

4. LEADS SHALL BE COPLANAR WITHIN 0.08mm AT THE SEATING PLANE. 

/^DIMENSION ‘ p D 0 E S NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 
‘F MAXIMUM BY MORE THAN 0.08mm. 

DAMBAR CAN NOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10mm AND 0.25mm FROM THE LEAD TIP. 

/A ‘C2’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT OF THE PACKAGE BODY (BASE PLANE). 




11-33 



Package Drawings 



PW: 24-Pin TSSOP 


DIMENSIONS | 


MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.30 

4.48 

.169 

.176 

B 

7.70 

7.90 

.303 

.311 

C 

- 

1.10 

- 

.043 

Cl 

.90 REF. 

.0354 REF. 

C2 

.05 

.15 

.002 

.006 

D 

6.25 

6.50 

.246 

.256 

E 

.65 BSC 

.0256 BSC 

F 

.18 

.30 

.007 

.012 

FI 

.09 

.18 

.003 

.007 

L 

.50 

.70 

.020 

.028 

0 

0° 

8° 

0° 

8° 




NOTES: 

1. CONTROLLING DIMENSION : MILLIMETERS. INCHES SHOWN FOR REFERENCE ONLY. 

A ‘A’ AND ‘B’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.15mm PER SIDE. 

A THE BASIC LEAD SPACING IS 0.65 MM BETWEEN CENTERLINES. 

EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.1 0mm OF 
ITS EXACT TRUE POSITION. 

4. LEADS SHALL BE COPLANAR WITHIN 0.08mm AT THE SEATING PLANE 
A DIMENSION ‘F DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR PROTRUSION(S) 
SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED ‘F MAXIMUM BY MORE THAN 0.08mm 
DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE LEAD FOOT. 

A THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10mm AND 
0.25mm FROM THE LEAD TIP. 

A ‘C2’ IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST POINT 
OF THE PACKAGE BODY (BASE PLANE). 
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Package Drawings 



Q: 20-Pin Quad PLCC 


MILLIMETERS 



NOTES: 

1. ‘A1’ DOES NOT INCLUDE MOLD FU 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. OF ITS EXACT TRUE POSITION. 

3. ‘F IS MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

5. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 



Q: 28-Pin Quad PLCC 



NOTES: 


1. ‘A1’ DOES NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR 
PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

2. THE BASIC LEAD SPACING IS 0.050 IN. BETWEEN CENTERLINES. EACH LEAD 
CENTERLINE SHALL BE LOCATED WITHIN ±0.004 IN. OF ITS EXACT TRUE POSITION. 

3. ‘F IS MEASURED FROM THE SEATING PLANE TO THE BASE PLANE. 

4. LEADS SHALL BE COPLANAR WITHIN 0.004 IN. AT THE SEATING PLANE. 

5. CONTROLLING DIMENSION : INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
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S: 16-Pin SOIC (0.300”) 









Package Drawings 


SS: 28-Pin SSOP/QSOP (0.150”) 



_ LX 


J-C J 


HL A 


O .004 


T: 3-Pin TO-220 


| Inches 

Millimeters 

Min. 

Max. 

Min. Max. 

0.053 

0.069 

1.35 1.75 

0.004 

0.010 

0.10 0.25 

0.008 

0.012 

0.20 0.30 

0.007 

0.010 

0.19 0.25 

0.386 

0.393 

9.80 9.98 

0.150 

0.157 

3.81 3.99 

| .025 BSC 

0.635 BSC 

0.228 

0.244 

5.79 6.20 

0.016 

0.050 

0.40 1.27 


DIMENSIONS 

INCHES I MILLIMETERS 


H .090 .110 

HI ,190 .210 

I .080 .115 


NOTES: 

1 . CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A ‘B’ AND ‘C’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

A THE BASIC LEAD SPACING IS 0.100 IN. BETWEEN CENTERLINES. 

EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 
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Package Drawings 


y 


T: 5-Pin TO-220 


DIMENSIONS | 


INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

.500 

.580 

12.70 

14.73 

B 

.380 

.420 

9.65 

10.67 

C 

.560 

.650 

14.22 

16.51 

Cl 

.230 

.270 

5.84 

6.86 

D 

.140 

.190 

3.56 

4.83 

D1 

.045 

.055 

1.14 

1.40 

E 

.020 

.045 

0.51 

1.14 

F 

.139 

.161 

3.53 

4.09 

G 

.014 

.022 

0.36 

0.56 

H 

.057 

.077 

1.45 

1.96 

HI 

.258 

.278 

6.55 

7.06 

1 

.080 

.115 

2.03 

2.92 


NOTES: 


A 



1. CONTROLLING DIMENSION: INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

A ‘B’ AND ‘C’ DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 

MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

A THE BASIC LEAD SPACING IS 0.067 IN. BETWEEN CENTERLINES. 

EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.010 IN. OF ITS EXACT TRUE POSITION. 



TD: 3-Pin TO-263 


DIMENSIONS | 


INCHES 

MILLIMETERS 

MIN 

NOM 

MAX 

MIN 

NOM 

MAX 

A 

.170 

.175 

.180 

4.31 

4.44 

4.57 

Al 

.000 

— 

.010 

0.00 

— 

0.25 

B 

.020 

.032 

.039 

0.51 

0.81 

0.99 

B 2 

.045 

.050 

.055 

1.14 

1.27 

1.40 

C 

.018 

— 

.029 

0.46 

— 

0.74 

c 2 

.045 

.050 

.055 

1.14 

1.27 

1.40 

D 

.326 

.331 

.336 

8.28 

8.41 

8.53 

Dl 

.305 REF. 

7.75 REF. 

E 

.396 | .401 | .405 

10.05 | 10.18 1 10.31 

El 

.256 REF. 

6.50 REF. 

e 

.100 BSC 

2.54 BSC 

L 

.580 

.600 

.620 

14.73 

15.24 

15.75 

Li 

.090 

.100 

.110 

2.29 

2.54 

2.79 

_L2J 

.055 

.061 

.066 

1.40 

1.54 

1.68 



1. CONTROLLING DIMENSION : INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 
A D t AND Ei ESTABLISH A MINIMUM MOUNTING SURFACE FOR TERMINAL 4. 


DETAIL "A" ROTATED 90° 


3. TAB CONTOUR OPTIONAL WITHIN DIMENSION E AND ZONE L 2 . 

A the BASIC LEAD SPACING IS 0.100 INCHES BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.010 INCHES 
OF ITS EXACT TRUE POSITION. 

A A 1 MEASURED FROM THE LEAD TIP TO THE BASE PLANE. 

A D AND E DO NOT INCLUDE MOLD FLASH ON PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 

A LEAD TIPS SHALL BE COPLANAR WITHIN 0.004 INCHES. 
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Package Drawings 


TD: 5-Pin TO-263 



MIN 

NOM 

MAX 

MIN 

NOM 

MAX 

A 

.170 

.175 

.180 

4.31 

4.44 

4.57 

Al 

.000 

— 

.010 

0.00 

— 

0.25 

B 

.020 

.032 

.039 

0.51 

0.81 

0.99 

C 

.018 


.029 

0.46 

_ 

0.74 

C? 

.045 

.050 

.055 

1.14 

1.27 

1.40 

D 

.326 

.331 

.336 

8.28 

8.41 

8.53 

Dl 

.305 REF. 

7.75 REF. | 

E 

.396 

.401 

.405 

10.05 

10.18 

10.31 

El 

.256 REF. 

6.50 REF. 

e 

.067 BSC 

1.70 BSC 

L 

.580 

.600 

.620 

14.73 

15.24 

15.75 

Li 

.090 

.100 

.110 

2.29 

2.54 

2.79 

L2 

.055 

.061 

.066 

1.40 

1.54 

1.68 




P£1 



_JK 
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NOTES: ' -J Ll L- 

CONTROLLING DIMENSION : INCHES. MILLIMETERS SHOWN FOR REFERENCE ONLY. 

DETAIL "A" ROTATED 90° 

D-i AND E-i ESTABLISH A MINIMUM MOUNTING SURFACE FOR TERMINAL 6. 

TAB CONTOUR OPTIONAL WITHIN DIMENSION E AND ZONE L 2 . 

THE BASIC LEAD SPACING IS 0.067 INCHES BETWEEN CENTERLINES. EACH LEAD CENTERLINE SHALL BE LOCATED WITHIN ±0.010 INCHES 
OF ITS EXACT TRUE POSITION. 

Al IS MEASURED FROM THE LEAD TIP TO THE BASE PLANE. 

D AND E DO NOT INCLUDE MOLD FLASH ON PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 IN. PER SIDE. 
LEAD TIPS SHALL BE COPLANAR WITHIN 0.004 INCHES. 
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Package Drawings 


y 


TS: 8-Pin TSSOP 


Dimension 

Inches 

Millimeters 

Min. 

Max. 

Min. 

Max. 

A 

- 

0.043 

- 

1.10 

A1 

0.002 

0.006 

0.05 

0.15 

B 

0.007 

0.012 

0.18 

0.30 

C 

0.004 

0.007 

0.09 

0.18 

D 

0.114 

0.122 

2.90 

3.10 

E 

0.169 

0.176 

4.30 

4.48 

e 

0.0256BSC 

0.65BSC 

H 

0*246 

0.256 

6.25 

6.50 

L 

0.020 

0.028 

0.50 

0.70 



A 

SEATING - 
PLANE 


JjimoJ * 


-Ik 


' A1 /?~ 
A A 


-AjA 




Notes: 

1. Controlling dimension: millimeters. Inches shown for reference only. 

/2\ 'D' and 'E' do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm per side 
A& Each lead centerline shall be located within ±0.1 0mm of its exact true position. 

A\ Leads shall be coplanar within 0.08mm at the seating plane. 

Dimension 'B' does not include dambar protrusion. The dambar protrusion(s) shall not cause the lead width 
to exceed 'B' maximum by more than 0.08mm. 

/fe\ Dimension applies to the flat section of the lead between 0.10mm and 0.25mm from the lead tip. 

A'AI' is defined as the distance from the seating plane to the lowest point of the package body (base plane). 
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